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pre-wired «+ new “plug-in” channels 


SIMPLICITY is the keynote of this newest Benjamin Lighting System. 
Ultra-modern “Grid-Lite” provides the high lighting efhciency, quality 
diffusion and proper shielding so needed for echesiooome, stores, draft- 
ing rooms, ofhces and similar workspace. With “Grid-Lite” you get that 
wanted “ceiling of light” effect economically. This is made possible 
by a simply-constructed, pre-wired grid arrangement of lamps and 
channels, with light-diffusing, easy-to-clean shields of translucent plastic. 
PRE-WIRING plus “PLUG-IN” CHANNELS, as shown at left, make “Grid- 
Lite” extremely simple and inexpensive to install. “Grid-Lite” is simple 
to specify, too. An entire 16’ x 24° “room-size” system, including all 
channels, ballasts, shields and fittings, may be ordered by ONE CATALOG 
NUMBER! In addition, combinations of 2 or 4-lamp “sub-assembly” sec- 
tions may be specified for rooms of other sizes. 

Get complete details by writing for FREE “Grid-Lite’ DATA BULLETIN. 
Address: Benjamin Electric Co., Dept. I, Des Plaines, Illinois. 


CHOICE OF LAMPS and BALLASTS! “Grid-Lite” is available for 96", 72” and 48° 
Ti2 Slimline Lamps, with 425MA or 200MA ballasts for low brightness lamp operation. 
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maintenance 


with Westinghouse SLIMLINE 


Industries that have converted to Westinghouse Slimline Fluorescent 
Lighting Systems have evidence of definite economic advantages: 
J, Fewer lambs to replace. \t takes half as many lamps and fixtures 
for the same high level of lighting. 
2. No starters to replace. Modern slimline lamps are instant starting. 
3, Easy lamp replacement. Single pin construction; no turning— 
merely push in the direction of the spring-loaded lamp holder 
and remove. 
4, Lamps can't fall out. They are cushioned against shock with the 
spring-loaded lamp holder. 
Westinghouse slimline luminaires come in various sizes providing com- 
plete flexibility for your lighting layout designs. 
Send for B-4727 “Westinghouse Lighting at Work” in every industrial 
area, Westinghouse Electric Corp., P. O. Box 868, Pittsburgh 30, Pa. 
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FIRTURES Litecontro! $4124 2-lomp surfoce type 


YOU CAN SEE levvered Matures with downlight electors 
SPACING, on conters 


WATTS PER FIXTURE. 100 


...with lighting by LITECONTROL 


Here's an office that’s geared-for- maintenance it simple or highly involved, you'll 
business in a pleasant, profitable way All of this, mind you, in a fixture save time... trouble . . . and money by 


Modern, comfortable furnishings that is ‘custom’ in everything but price. calling in your nearest LiTECONTROL 
blend with the functionally styled On your next lighting problem, be Representative. 


interior all brightened with the 


engineered lighting by LirecONTROL 


The No. 4124 2-lamp louvered 


fixtures provide all the essentials to 
good tow LITT BCONTIROM 
trim appearance, evenly illuminated KEEP UPKEEP DOWN 


louvers, ease of installation, ease of 
LITECONTROL CORPORATION. 36 Pleasant Street, Watertown 72, Massachusetts 
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The new Curtis Light and Sound Conditioning System offers an 
entirely new approach to LIGHTING and SOUND CONDITION- 
ING problems. The system provides quality low-brightness 


illumination with acoustical treatment which eliminates exces- 
sive sound reflections and the annoyances and distractions 
which sound creates. 


The Electrical System — Standord basic sections of the 
Underwriters’ approved electrical portion of the Curtis System 
are supplied letely wired and packaged in 8” x 12” x 
96” cartons. Each basic section covers a ceiling area of 256 
square feet. Combining the basic sections with extension and 
wing sections makes it possible to provide quality low-bright- 
ness illumination and effective sound treatment. 

The Sound System—The vertical baffles are constructed of 
highest quality acoustical material with a flame retarding, 
high reflectance washable finish. The baffles are positioned 
between the 8 foot, T-12, single pin fluorescent lamps to 
provide both recommended shielding and sound conditioning. 
Yes, the Curtis Light and Sound Conditioning System offers the 
finest in lighting and sound conditioning efficiency from the 
stand point of low initial cost, low installation cost, low operat- 
ing cost and low maintenance cost. 

A comprehensive bulletin, completely illustrated, will be avail- 
able soon. Write Dept. M4!-05.for your free copy. 


CURTIS LIGHTING, INC. 
Dept. M41-05 6135 W. 65th Street, Chicage 36, Illinois 
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A School Lighting Survey Procedure 


CHOOL lighting surveys are nor- 
S mally made for one or both of two 
reasons. One is to ascertain to what 
extent the results comply with certain 
accepted standards of illumination and 
brightness levels. The other is to pro- 
vide a basis for comparing various 
lighting systems or installations 

This article presents the details of a 
survey which was made at the Naper 
ville High School, Naperville, Illinois, 
in part for the two reasons given but 
primarily to inform the architect* and 
authorities® as to the visual 
to be expected 
normal school hours. 


school 


environment during 


that a 
procedure was needed which would 


It was recognized survey 


provide approximately accurate results 
and still be a practical field method 


"Architect, Thos. J Higgins Associates of 
Thieago (Mr. Higgins is also Director of 
Building Survey for the Chicago Public 
Schools and a past president of the National 
Council on Schoolhouse Construction); Super 
intendent of Schools, Ralph E. Beebe: Prin 
cipal, Robert Van Adestine President of 
Board, Lester Schloerb (also Director of the 
Bureau of Pupil Welfare for the Chicago 
School Board) 

Author: Illuminating Engineering Consultant 
La Grange, Illinois, Fellow LES 
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By LEONARD V. JAMES 


brightnesses as they 


There are two phases in this sehool lighting survey plan. The survey 
work sheets (in this article labeled Work Sheet A and B) are used in the 
field to reeord room details and readings of illumination levels and of 
are observed; a four-page report (labeled Report 
Page 1, 2, 3, 4) is then filled in from this data including computed aver 
ages and ratios, to be presented to the architect and the school authorities. 
In this specific survey, applied by the author to the Naperville High 
School, readings were made under three conditions of illumination: (a) all 
daylight, (b) part daylight and half of the artificial illumination installa 
tion, and (¢) all artificial illumination. The work sheets serve as a perma 
next record of conditions and readings at the time of the survey, and may 


be added to at any time with other lighting combinations or conditions. 


Such a procedure had been developed 
and the purpose of this article is to 
deseribe it, with complete results as 
observed or computed in this case, so 
that others may use it in part or in 
whole, as they may desire. It is also 
that 
practical but complete and satisfactory 
field method may evolve and be more 
or less universally used. 


hoped ultimately an approved 


Three Investigations 


Three complete investigations were 
made. The first 
(ce) Work Sheet A) was at night, a 
part of an early study in February 
1951. 


artificial 


(data given as Test 


The objective was to ascertain 
lighting possibilities for 
night-time use and for any very dark 
time of day which occasionally oecurs 


in winter months in almost any local 
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WORK SHEET A— Room Plan and Illumination Levels on Task Surfaces 
School: Naperville High School, Naperville, Illinois; Room No. 305 
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Dimension scale 
Locate with significant dimensio 
Windows doors chalkboards 
rows of desks tables 
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Locate luminaires 
Mark Ftc stations small number 
rows and stations mark luminaire and 
station spacings 


switches 


RED—Mark rear seat observation station for bright 
nesses (B) 


TEST 5830 6:30 PM 7/2/52 ~ Part part artificial 
Footcandle 
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Daylight Notes 


Adju day! t ol er greatest comfort Report 


Report Page 
Read Wdo* footceandies at window sill 45 


for each obsery ation 


observat prepertion for 


light variations 
of cht and artificial light is employed, and it 


ight variations, it will be necessary 


orrect for day 


observations of lighting levels and of brightnesses at 
locations as is being done for daylight only 


Daylight Notes continued on Work Sheet B 
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< WORK SHEET A 


for field and office, for footcandle read- 
ings. Wdo« is for daylight control 
readings, see text. A floor-plan diagram 
is provided on which room details are 
sketched and footcandle observation 
points located, with all dimensions. 
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Title page for survey report, used also 
in the field to accumulate information. 


ity. Daytime tests were also made 
then but for various settings of the 
venetian blinds and for very poor 
daylight conditions. 

So two additional daytime investi 
gations (a) and (b), with a common 
adjustment of the blinds, were con 
ducted on an afternoon and early 
evening in July and were planned to 
present results under very normal 
daytime conditions. The sky happened 
to be slightly overcast, shadows from 
the sun being dim, with the usual 
somewhat superior sky glow then 
available. A real advantage was the 
rather stable daylight existing under 
these sky conditions, facilitating the 
taking of data. 

Survey (a), with daylight alone, 
was made in the late afternoon when 
the illumination levels at the far side 
of the room were still of the order of 
nearly 20 footeandles, to show distri- 
bution. The blinds had been lowered to 
leave a 20-inch vision strip and the 
slats closed to a 45-degree angle to avoid 
the high sky glare. This test was fol- 
lowed by a similar survey (b) a short 
time later when, without changing the 
blinds, the levels at the far side due 
to daylight had decreased to values 
under 10 footeandles and the inner 
half of the artificial lighting system 
was in use. Final results indicated 
that the vision strip itself permitted 
an objectionable sky brightness expo 
sure for some of the pupils in these 
cuses. 

It was felt that a survey was not 
needed for normally superior daylight, 
so far as an analysis of pupil seeing 
conditions is concerned. The (a) in- 
vestigation clearly indicated that the 
results would be very satisfactory at 
such a time, even with the sun and sky 
glare removed by the positioning of 
the venetian blind slats. 
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SCHOOL LIGHTING SURVEY REPORT 


NAPERVILLE HIGH SCHOOL 


NAPERVILLE, I 


School 


LLINOIS 


78 


Location 


Supervision & Service 


BEESE 


Superintendent 
ROBERT VAN ADESTINE 
Principal 
FRED BROEKER 
Custodian 


Design & Construction 


THOS. J. HIGGINS ASSOCIATES 
Architect 


JOHN DOLIO 


Engineer 


Contractor 


Electrical Contractor 


District 


Room Information 


Room No. anc 


WILLIAM HILL 


Teacher 
SOPHOMORE 
Class 
BIOLOGY LABORATORY 
Subject 
Survey By 
LEONARD V. JAMES 
Director 
LEONARD V. JAMES 
Observer 
WALTER A. MEARES 
Recorder 
ROY E. HOLLAND 
Recorder 


Dates 
FEBRUARY 17, 1951 


JULY 12, 1952 


Condition of Lighting Facilities 


The condition of the lighting facil 
ities, both for daylight and for arti 
ficial light, was only somewhat better 
than average. The luminaires had 
been installed in the spring of 1950 
and the lamps had been used nor- 
mally during the intervening time, 
with few if any replacements. The 
fixtures and blinds had been washed 
at Christmas time, before the first 
survey was made in February. They 
had again been washed shortly before 
the July study. The slight room sur 
face soil had not, of course, been re- 
moved. 

The vertical position and the shape 
of the luminaire reflecting surfaces, 
however, are unfavorable to the aceu- 
mulation of dust and favorable to 
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natural cleaning by air flow. Also, 
the absence of louvers, made possible 
by the use of low brightness (40-watt 
T17) lamps in open top troffer type 
fixtures installed crosswise of the 
room, permits a considerable part of 
the light emitted from the lamps 
(from the “clean” under side of the 
lamps) to be delivered directly to the 
work, without interruption of any 
kind. Since the luminaires are so 
open and therefore easily cleaned 
(dusted or washed) and the house 
keeping at the school is excellent, it 
is not probable that they will ever be 
permitted to become very soiled. In 
eidentally, the plain glass windows 
face southeast (in the test room) upon 
an open athletic field, with trees and 
other buildings far removed. 
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WORK SHEET B — Room Perspective and Brightness Levels in Visual Field 
School: Naperville High School, Naperville, Illinois: Room No. 305 
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N. Laecate Pte stations on chalk and tackboards by numbers 


Indicate rear seat location for brightness observations by letter 


on perspective 


brightness within 50° of view straight ahead, except 
Mark perspective drawing 


reles for maximam values. For 


Observe 
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indicate by subscripts 


values 


flerent locations at various times 
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Daylight Notes (Continued from Work Sheet A) 
Determine the portion of these values that is due to daylight 
only, by prepertion from the daylight test data with the Wdo* 
values in the combination test 
' lhediuct this pertion from the observed walaes in the combina 
tion test te obtain the pertion due te artificial lighting alone 
Seleet a mean value of the Wde* for the combination test 
observations and adjust the daylight portions of Ft-« and Ft-! 
for this mean value Kecombine these adjuste values with 
the artificial lighting pertions to obtain total corrected valuces 
genera it i» mach more informative in combination lighting 
tests to use observed values without reference toe other tests 
readings would then provide incidental information only 
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WORK SHEET 6 


for field and office, for brightness and 
reflectance observations. A perspective 
diagram is provided on which addi- 
tional room details are sketched and 
points are indicated at which bright- 
nesses are measured. 
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on which sketches and footcandle and 
footlambert locations are taken from 
work sheets. Diagrams are left blank 
here to show forms, adaptable to any 
room by inserting the scale values. 


Final Survey Results 


The final survey results are given in 
the table (Report Page 3). It will be 
noted that the lighting in use is indi- 
eated in considerable detail (aaditional 
information given on Report Page 4). 
Also it will be seen that the illumina- 
tion and brightness levels, plus the 
brightness ratios, are reported. 

With reference to the footeandles, 
maximum, average 
values are indicated for the seeing 
tasks, on desks or tables, at the chalk- 
board and at the tackboard, and these 
are compared with the values recom- 
mended in the American Standard 
Practice. The condition of the light- 
ing facilities is indicated in Sections B 
and C on Report Page 4. With this 
information, the architect and school 
authorities are in a position to ap- 
praise the results and to make such 
adjustments as appear needed. 


minimum and 


The maximum, minimum and aver 
age task brightnesses at the desks or 
tables are computed by applying an 
assumed reading task reflectance of 
75 to the corresponding footecandle 
observations. The extreme range of 
these values and of the footcandle 
values, under daylight conditions, is 
hardly fair, as the low levels near the 
inside wall definitely indicate a need 
for combination lighting at the time 
the test was madé@. The limited range 
(3 to 2) under artificial lighting would 
he expected with the type of installa- 
tion used. 

The ratios reported are suggestive 
of the quality of the brightness distri- 
bution but again are limited, as given, 
by using the average desk brightness 
as a base. The amount of variation in 
these ratios for pupils at various 
tables is determined by the varying 
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Report Page 2 


School Lighting Survey Report 
Room Layout and Test Locations 
Room Plan, Lighting Equipment and Footcandle Test Stations 


F is marked on Floor Plan 


SCALE - EXAMPLE: SCALE = 5S FOR LENGTH =30 
WINDOW WALL LENGTH 


P is marked on Perspective 
Room Details 
Dimensions—-F and P 
Scale dimensions F and P 
Approximate locations 
Windows—ength—-F & PF 
Sill height 
Head height 
Chalkboard—length—-F & P 
Top height 


Bottom height . . 
Tackboard—length—-F & I’ 


Top height 

Bottom height . 
Doors—F & P 
Closets, Casee—F & P 4 


Desk Rows, Tablee—F & P vw 


T 


Easels, Maps, Charts ete F 


Brightness Details (Mark in red) 
‘B” is rear center seat location of observer 


SCALE -EXAMPLE: SCALE =6° FOR WIDTH =24 


Circles on perspective are maximum brightness of a surface-—P 
Triangles on perspective are minimum brightness of a surface—l’ 


Subscripts on symbols indicate locations for 


different teste—F & P 


ROOM WIDTH - 


Lighting Details 
(Mark im green) | 


Lighting Equipment— F 
Spacings— F 
Switches— F 

Fte Stations 
Number and KRow—-F 
Spacings— F 


‘CEILING HEIGHT 


illumination levels on those tables, a 
slight variation when artificial lighting 
is used. 

The luminaire brightnesses, as taken 
from photometric t st data, are com- 
pared with values given in the Ameri- 
ean Standard Practice. Values cross- 
wise of the room (lengthwise of the 
rows of luminaires) are not included 
as the seating position in the room is 
fixed, toward the front. Approximate- 
ly one lamp length, in one row, would 
be viewed by a pupil near the wall, 
within 30 degrees elevation, looking 
across the room. The lamp in this 
position would have about 700 foot- 
lamberts but would be in the less 
bright field of the luminaire reflectors 
and of the ceiling directly above. This 
unusual exposure condition was ex- 
cused by the architect because of the 
maintenance advantage of the type of 
luminaire employed. Shielding of the 
lamps, crosswise of the luminaires, is 
in excess of 40 degrees. 
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A serious defect in the visual envi- 
ronment is disclosed in the use of 
black top laboratory tables. These in- 
troduce an objectionable ratio between 
the reading task brightness on the 
table and its immediate surrounds 
less than one-fourth of the minimum 
permitted by the Standard Practice. 
This compares unfavorably with the 
ratio at the desks employed in the 
building, which is nearly double the 
minimum recommendation. It is under- 
stood that steps are being taken to 
correct this table top condition. 

The levels of illumination at the 
chalk and tack boards do not fully 
comply with the Standard Practice, 
but the brightness ratios to the aver- 
age desk task are satisfactory (not, 
however, to all task brightnesses). If 
these boards are to be used extensively, 
supplementary artificial lighting should 
be provided. 

The high brightness of the low sky 
viewed through the vision strip em- 
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! 34 34 34 30 36 36 36 30 23.3 | 18.3 20.8 30 
Pel Max Min Rel Limit Max Min Rel Limit Max Min Rel‘ Limit 
d ! 35,1 1.00 32.7 1.00 35.2 1.00 
kk 1 Task 90 |} 2.56 48 1.47 44 1.25 
Read 12.5) .36 21.7 | .66 
.60  .33 | 20.8/24.2 | .60 | 26.3 17.9 | 60 
6.6 92) 33 3.5) 1,6 + 073 > 233, 3.2 2.2 073 + 233 
Between Between Between 
(hath 6.2 3.4 -096 10 and 3.8; 3.5 il 10 and 5.4 4.0 ell 10 and 
ard 74 24 2.1 10 23 17.3 «53 210 20.2 13 237 10 
9.0 +27 
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School: Naperville High School, Naperville, Illinois; Room No. 305 
IHuminated Elements in Visual Environment 


Teast (b) 
$130-6:30 PM 7/22/51 
All 


Inner half ; 
Seme as (a) except 


300 Ft-c, 45° at Window 


Between 
10 and 
210 


Between 


Report Page 3 


Teat (c) = 

$815-6:00 PM 2/17/51 
None 
All 


Dark outside 
eht Blinds closed 


No daylight 


Max. | Min. Avg Ree 


Between 
10 and 

+32 

10 


Between 


Winds No Bead end No Head No Head 
n Wind 19,3 11,3 6 1.03 
10 +10 
Window | 220 | 58 | | 
92 26 «2.6 Between 68.3) 13.3, .41 Between 58.3 | 16.3 .46 Between 
14.5 8.2.23 and) 17,3) 2.9 | .09 10 17.7 | 10.7 | .30 | 10 esa 
| 92 | .25 na 9.6 | 6,2 | | +10 _ 
mminaire 0-30 | 450 | 330 | | .73 | 450 | 330 +73 450 
Wot Lighted 900 650 | | | 900 | 650 | | 900 
45-00 | | ,2000_ | 2200 | .55 | 2000 | 2200 | | .55 | 2000 _ 
Lum. te Surface Beyond” Mot Lighted | 20 | 330 25 |22 | 20 | 330 th 22 | 
ky to Wall Adjacent® 1940 tb 19,3 | 100 20 900 to 11.3 80 = - | 20 
Max. Room Variation | | 
Sky to Chalkboard 1940 th 3.4 570 | 50® | 900 to 3.5 | 260 | 
Lum. (30°) to Board* | 330 to 3.5 330 to 4 82 | 50° 
lo other surfaces th | | 50°] 330 qo 1.6 | 205 | 330 to 2.2 | 150 50° 


* Dieregerding Aisle Space 


1. See Report Page 4 for further information 


> Recommended by American Standard Practice for School Lighting (except 50 footeandles required for 


handicapped pupils and for sewing, typing and drafting 


(B) on drawings 


$ Observed from central rear seat 


1 Relative to Average desk reading task — computed for either maximum or minimum having greater 


variance from the reference 


ording to the American Standard Practice for School Lighting or at (* 


>» Limiting ratio or value, ac 


National Council on Schoolhouse Construction 


to the 


6. For average footeandles condition, assuming 75 per cent refleetance on reading task 


rhis is same as ratio of reflectances of desk or table and task 


See page 4 for explanation, if considered needed 
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lack? 
Board (Tack) 12.6 | 13.39 | 8.6 6.8 
\inwe Board 45.5 37 10, | 3703 | 15.0 4311.3 
clow Hoard |25 | ° | .58 23. 10.3 | 
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showing pertinent final results in tabu 
lar form. See text for discussion and 
for explanation of several questionable 
values. Page is shown here, full scale, 
for greater legibility. 


phasizes the need for controls at ‘his 
point —- either adjustable controls or 
better permanent, as in the use of 
other than clear glass. 

Comments such as the above, with 
suggested corrections where needed, 
would be included with the report, in a 
separate recommendation. Incidental 
ly, the number of points made should 
not be construed as indicating a poor 
seeing condition. Quite the reverse is 
true. All who have Visited the school 
have pronounced the visual environ 
ment and controls to be of the best 
the photograph searcely does justice 


to the pleasing and comfortable effect. 


It just means that the survey is suffi 
ciently thorough to locate even minor 
faults. 


Field Observations 


Work Sheets A and B, Test (a) 
give the field data as observed and 
computed, for the test involving day- 
light only. The three readings of 


Figure 2. Light meter on a 45-degree easel at the sill indi- 
cates the variation in natural lighting during the test, 
readings being recorded as Wdo*. Walter A. Meares illu- 
minating engineer of Chicago is assisting in the calibration 
of the light meter—a detail not required in the survey, but 
perhaps interesting to those conducting the investigation. 
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footeandles or of footlamberts are 
averaged and this average is then cor 
rected for a selected mean value ot 
daylight footeandles as observed at 
the control meter on the window sill 
(see Fig. 3). The resulting corrected 
values of footeandles and footlamberts 
(Ft-c, and Ft-L.) at the various sta- 
tions are thus as noted. The need for 
this correction is merely to make it 
possible to compare the illumination 
levels and brightnesses in the various 
parts of the room, substantially as for 
a constant daylight condition not 
from a precision standpoint. 

The method of making the correc 
tion by direct proportion, for daylight 
conditions alone, is obvious and sim- 
ple. When the interior lighting is 
from a combination of natural and 
artificial sources, this is only a little 
less simple but it may sometimes be 
misleading as explained later. From 
the daylighting test and by proportion 
to the later control readings, the in- 
terior illumination values for the day- 
light portion of the combination light 
ing may be determined. These can 
then be corrected for the selected mean 
value of the control meter for this test, 
the amount of the correction being 
added to or subtracted from the foot- 
eandle or footlambert observations as 
made, or the influence of the daylight 


and artificial light may be studied 
separately if desired 


The objection to the above plan for 
adjusting observed values under com 
bination lighting, to compensate for 
varying daylight levels during the test 
(as explained in the final note on the 
form in Work Sheet A), is that 
brightness values must then be ob 
tained at the same points in the two 
tests. They would not, therefore, nec- 
essarily show maximum and minimum 
values in each case. It is therefore 
recommended that this adjustment not 
be made but that actual maximum and 
minimum values of brightness be ob 
served in the test with combination 
lighting, the daylight control readings 
being recorded as incidental informa 
tion only. Since the footeandle read 
ings are always observed at the same 
locations, these can be adjusted if de 
sired. 

The charts in Work Sheets A and B 
are drawn primarily to show the loca 
tions for the various observations. The 
room details are easily sketched on the 
blue-line printed forms which, by 
dimensioning ruled sections of the 
forms rather than making the draw- 
ings to a normal seale, can be adapted 
to virtually any room. 

The information listed in Report 
Page 4 is self-explanatory except per 


Figure 3. Measurement of footcandles and footlamberts at 
a surface from which to determine its reflectance. The 
magnesium disk is held against the ceiling by a special 
device described in the text and shown in Figure 4. Roy E. 
Holland, instructor in physics at the high school, is shown 
holding the target, the author observing. 
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School Lighting Survey Report 


School NAPERVILLE HIGH SCHOOL, NAPERVILLE, ILLINOIS Room No. 305 


General Information 


cent reflectance of 


A— Structural: Material, color and per 


Acoustic Tile Refl, 278 6 Furniture Blond Refl. 245 


1. Ceshng 


2 Wall Plester, not decorated Refi 82 7. Chalkboard Green Composition Refl. 217 


Trim Blend Bireh Refl, .39 Tackboard Buff Composition Refl. 237 
a Light tile, putty and 

4 Flow green Refl .42 9 Window Covering (See B-1) Refl. 248 

S Blond Refl. 45 10.- Tables Derk Wood Tops (Lab.) Ref. .055 


B — Daylighting 


/ 1 Type and color of window lyght controls Blinds - light wood slats 


2 Maintenance condition of controls and windows Good, 


3 Adyustmenr of controls. each test All tests - blinds lowered to make 


SKY 


20" vision strip. Slats set at 45 degrees for Tests (a) 


and (b), closed for Test (c) 


4. Condition of sky, each test (very clear, clear, hazy, cloudy, light overcast, heavy 


Slightly hasy for each test, 


overcast} 


5. Explanation of sky brightness observations from indicated rear seat Through 


vision strip - could be eliminated by lowering blind to sill. 


6 Sketch of outside view from window (for each test if much variation) 0 


4s°L. 
C — Artificial Lighting 


1 Luminaires: Type Semi-direct . Model No 1260 Shielding Mir. Light 


Mfg. Co, Susp. 25 inches No. 18 Lamp Type 40w 717 CW 


‘ Total No. of Lamps 36 Rated Lumens Lamp _ 2300 Total watts (incl. ballasts) 1800 


860 Sq. Ft. wo sq. tt 2.09 . Avg. Ft-e 47,0 per w sq. ft 22.5 


\rea 


2 Maintenance c 


ndition of luminaires Good, recently cleaned 


(a), (bd) 135 (ce) 8 Probable hours burned (a), (b) 10003; (¢) 500 


Months since imstalled 


Each crosswise row divided, inner half separately switched 


Switching arrangement 


4 Explanation of brightness ranges in room as needed (note 8, Report Page 3) Luminaire to darkest 


Sky brightness could have been eliminated (see B-5 above). Dark 


ceiling beyond. 


table tops (5.5 per cent reflectance) should be covered or replaced. 


S Luminaire information: curves, pictures, ete attached 


D— Operation of Survey 
Measure room, mark locations for observations and sketch all details into Room Plan and Perspective. For daytime 
test. adjust window light controls for maximum comfort and locate light meter on sill near recorder. Use Work Sheets 
\ and Bt (a. b, ) as needed, also Report Page | and 4 for field work. Check details required for Report Page 3 Complete 


Report Pages 1, 2, 3, 4 and add any desired material 


Attach additional pages as needed 


ILLUMINATING ENGINEERING 
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of the survey report, also used in the 
field for the accumulation of needed 
information. The diagram shows a 
sketch of the view from the window 
within the angles indicated. 


haps that the sketch for B6 is an indi- 
eation of what one sees at the various 
angles when looking out of the window 

again for approximate comparison 
purposes for various rooms. This is 
repeated to provide for reeording any 
marked changes—-perhaps snow at one 
time only. 

It will be noted that observations 
reported in Test (a) are repeated, for 
combination lighting, and also for arti 
ficial lighting only, in Tests (b) and 
(e). The tabular forms of Tests (b) 
and (¢) may be used for subsequent 
tests by changing the subscript letters. 
In this way, the group of forms for 
illumination levels is kept separate 
from that for brightness observations 
and each ean be continued indefinitely 
for as many conditions as desired. 

With reference to the results for 
artificial lighting alone, it is only fair 
to note that the minimum footcandles 
shown were found in an aisle near the 
door in this odd shaped room (see floor 
plan, Work Sheet A). The levels at all 
working positions well exceeded that 
required by the American Standard 
Practice, despite the low watts per 
square foot employed (see Report 
Page 4). 


The Survey Report 


Since the architect and school au- 
thorities would be interested only in 
the final results, the report to them 
would inelude the title page (Report 
Page 1), one page containing both the 
floor plan and the perspective sketch 
with location indications for different 
tests identified by subseripts (Report 
Page 2), a third page containing the 
table of corrected results (Report 
Page 3), plus a fourth page contain- 
ing the information given here in Re- 
port Page 4. Photographs and com- 
ments or recommendations are also 
ineluded. To show the forms to better 
advantage, the details which would 
appear on the drawings in Report 


Page 2 are here shown only in Work 
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Figure 4. Close-up views of the holder for the magnesium target, shown in use 
in Figure 3 and described in the text. Sections of the pole are 15-inch lengths of 
aluminum thin-wall conduit, cut to fit a portfolio and connected by short pieces of 


5,-inch dowel. 


Sheets A and B. These drawings 
which would be rough sketches were 
the material not being prepared for 
publication. 


Daylight Control Observations 


Fig. 3 shows, net too clearly, the 
method of securing daylight control 
observations. A light meter is placed 
on a 45-degree easel on the sill, di- 
rected toward the sky, at a location 
near the recorder, and readings are 
made simultaneously with each inte 
rior observation. With a little pa- 
tience when conditions are changing, 
plus alaerity during constant periods, 
remarkably little variation is encoun- 
tered. Excessive variations may oceur 
throughout the room when large cloud 
patches are moving across the sky 
such days would merely be avoided. 

The photograph in Fig. 3 shows the 
light meter being calibrated against a 
magnesium disk held in the same posi- 
tion —an unnecessary detail, as rela- 
tive rather than specifie results are 
used. Those making the test may, how- 
ever, wish this information for gen- 
eral purposes. 

More precise laboratory methods for 
recording these “control” values have 
been suggested. While excellent, no 
doubt, for laboratory purposes, there 
is a question whether even these meth- 
ods ean provide for an exact duplica- 
tion of selected conditions in the field, 
or a precise comparison of conditions 
as found, while the method employed 


here is simple and practical and seems 
to give reasonably accurate results. 


Observations as Reported 


All observations of illumination as 
well as of brightness levels were, in 
this case, made with a brightness me- 
ter. Modern corrected light meters 
might have been employed for the 
footeandle readings at the desks and 
boards but the brightness meter would 
still be needed for the brightness read- 
ings. As previously noted, the lumi- 
naire brightnesses at various angles 
were taken from laboratory photo- 
metric test data which were available. 
The brightness meter was also used 
alone and with the magnesium disk to 
measure the footeandles and the foot- 
lamberts at any surface, from which 
to approximate its reflectance (Fig. 
2). This is a simple method with suffi- 
cient accuracy for the need in field 
work, 

The difficulty in placing the target 
against high wall or ceiling surfaces 
was solved by the fabrication of a 
holder (made from a coathanger), the 
prongs of which enter small holes 
drilled into the plastic case containing 
the magnesium. It is held by a pole 
assembled from 15” lengths of alumi 
num thin wall conduit (to fit a port- 
folio), joined together by pieces of 
54” dowel. The device, alone and in 
use, is shown in Figures 2 and 4. 


All photographs courtesy of Solar Light Manu- 
facturing Company 
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Photo B 


(Above) Six rows of recessed 


luminaires, each 12 ft long using two 40W 
lamps per section, provide 50 ft-c on desk 
area; 25 {t-c vertical on chalkboard. Surfaces 
are 60% RF, green ceramic glass chalk- 
boards, and mottied green and brown floors 
(45% RF) 
10 The Trend Is to High Levels in Today's Schools ILLUMINATING ENGINEERING 


All over the country, school planners for 
both old and new buildings are providing 
students with visual environments in 
accord with 1.E.S. school lighting recom- 
mendations — as to brightness ratios, 
shielding and illumination levels. While 
the installations shown in these pages by 
no means represent a symposium of all 
of the systems by which good quality 
lighting may be obtained in schools, they 
do indicate the trend in high level, low 
brightness, comfortable school lighting. 


Photo A (Above left) — Average maintained level 
of 30 ft-c in a grade school classroom. Note com- 
fortable brightness ratios obtained with high re- 
flectance surfaces. Walls are pale blue from point 
5 ft above floor, lower wall light green. Chalkboard 
green, desks light maple; floor green and gray 
asphalt. Three 28-ft rows of units on 18-inch 
hangers; each row containing 14 48-inch T-12 lamps. 


i 
4 

3 
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in Today's Schools 


Photo C (Above) — Suspended troffer type lumi- 
naire using low brightness lamps in high school 
classroom. Level on desks is 60 ft-c average; chalk- 
boards 35, tackboard 38 ft-c. High reflectance room 
finishes provide comfortable visual environment. 


Photo D (Left) —- High school library with 60 ft-c 
horizontal on desks, 50 ft-c vertical on stacks. 
Lighting is from eight panel units on 19 x 25 
centers. Each unit consists of 4° x 8 sections de- 
signed to be fastened together to make one large 
unit. Lamping is with 96” T-12 lamps operated at 
430 ma. The units are open at the top for ceiling 
illumination and are shielded with 45° cut-off fibre 
board louvers. In maintenance louvers may be 
discarded and new ones installed. 


Photo E (Right) — Uniform illumination in high 
school sewing room. I.E.8. standard measurement 
showed 77 footcandles average. The intentions of 
the design were to maintain an average of 50 ft-c 
with semi-annual maintenance and a perimeter 
lighting of the room for evening adult education. 
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Photographs on these pages are: 


A—Laidlaw Grade School, Western Springs, Il. 
B—Nausauket School, Warwich, R. I. 
C—Naperville H. 8., Illinois. 

D—Argo Community H. 8., Summit, Il. 
E--Downers Grove Community H. 8., Illinois. 
F—Argo Community H. 8., Summit, Il. 
G—Reavis High School, Stickney, Ill. 
H—Lincoln School, Mt. Prospect, Ill. 


Photos and data supplied by Public Service of Northern 
Illinois, L. V. James, Gunther Lansen. 
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Phote G A gymnasium lighted to 30 ft-c 
level. Recessed semi flush lens boxes are 
on approximate 12 x 12 spacing; four 
rows of seven units per row over play 
srea; one row of seven units over south 
balcony. Each box is equipped with four 
inside frost lamps. Relamp 
ing is from the attic. North and east 
balconies are lighted with continuous row 
of single lamp louvered slimline strip. 
Surfaces are light, of the order of 70% RF 


Photo F — Print shop using three 32-ft 
rows of panel units with solid corrugated 
plastic panels, reflectors over top. Average 
maintained illumination at work level is 
100 ft-c. Each 32-ft row consists of four 
i x 8 sections; each section using four 
06” T-12 lamps operated at 430 ma. Sec- 
tions are hinged for maintenance. 


Photo H Recessed fluorescent light- 
ing in this classroom consists of two- 
lamp low-brightness troffers on seven- 
foot centers, running the width of the 
room horizontally. Illumination levels 
are of the order of 50 footcandles. Note 
the low brightness ratios obtained with 
this level, through the use of high re- 
flectance surfaces on walls, desks and 
floors. 
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A Suggested Design 


for Chalkboard Lighting 


HERE have been tremendous improvements 
te in classroom illumination throughout 

the country. Little attention, however, has 
been given to the need for adequate illumination 
on the chalkboards. The American 
Standard Practice for School Lighting calls for a 
minimum of 30 footeandles on the chalkboard and 


classroom 


stresses the point that more is desirable where the 
teachers use the chalkboard extensively in their 
teaching procedure. With a typical good quality 
general lighting system of 30 footcandles the illu- 
mination on the board is roughly one-half that on 
the desks, or about 15 footeandles. It is recognized 
that enclosing globes of the general diffusing type 
and bare fluorescent lamps inherently deliver more 
light to the chalkboard, but they are not recom- 
mended as they also deliver an uncomfortable 
amount cf light into the eyes of the students 
Chalkboard writing frequently combines adverse 
ly the principal factors which contribute to low 
visibility: small detail, low contrast, distance and 
sub-normal vision. Thus, it is not uncommon for a 
student seated at the rear of a classroom to be 
guessing much of the time as to what the instructor 
is putting on the board. As the classrooms become 
larger and the details on the board smaller, as in 
the case of technical subjects in high schools and 


colleges, this condition becomes critical 
Author: General Electric Company, Nela Park, Cleveland, Ohio 
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Suggested Desiqn for Chalkboard Lighting 


By C. J. ALLEN 


Incandescent chalkboard lighting equipment has 
been available to improve the lighting on chalk- 
boards, but no fluorescent fixture has been specifi- 
cally designed for this purpose. To produce a sig- 
nificant in chalkboard visibility it 


was considered desirable to design an experimental 


improvement 


fluorescent unit which would add at least 50 foot 
candles over the board. This was accomplished with 
the unit shown in the illustration. Over the prin 
cipal writing area of the board the illumination 
with the addition of typical room lighting, is of the 
order of 100 footeandles 


is surprisingly good even though a 3.5 to 1 varia 


The apparent uniformity 


tion can be measured from top to bottom of the 
board when there is no other illumination on the 
board. The operating cost is low as only 175 watts 
is involved. Maintenance should be minimum as 
the reflecting surfaces are facing downward in a 
position to collect little dust or dirt. The tubes are 
shielded to 60 degrees from the classroom side thus 
there is no brightness annoyance even to someone 
As the light 
from two directions there is no shadow of the hand 
The lamp and 


standing close to the board comes 
as one writes on the chalkboard. 
reflector are so arranged that the direct rays of 
the lamp illuminate the top of the board and the 
maximum output of the reflector is directed to the 
bottom of the board. The size of the specular alumi- 
num parabolic reflector is such as to amplify the 
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lamp candlepower by about five times in the 


axis of the parabola 


tion of the The unit is 
the front face is painted the same 

as the wall behind it 
n chalkboards have become very popular in 
wiles. The 


ple asiny 


reason has been that they provide a 
olor appearance and blend in bright 
With a 
chalkboard and a 50 


tance wall the practical goal of a 3 to 


wine with the wall surrounding them 


wr cent reflectance green 

ent refle 
brightness ratio is achieved when equal illumina 
is on both A natural slate chalkboard of 8 
ent reflectance offers better contrast with the 
halk and thus theoretically better visibility 


er, its brightness ratio with a 50 per cent 


Where a slate chalkboard 
is used with a chalkboard lighting unit, such as 


reflectance wall is 6 to 1. 


described, so that it has 100 footcandles on it, its 
100 ft-e x 0S 
If the room lights provide 15 foot- 


brightness is about §& footlamberts 
reflectance 
candles on an adjacent 50 per cent reflectance wall, 
the wall brightness is roughly 7.5 footlamberts 
Thus, under this condition the slate chalkboard and 
the adjacent wall ean have a 1:1 brightness ratio 
which is considered ideal 

While this 
lighting purposes, it is obvious that it fulfills the 


unit was designed for chalkboard 
need of other applications. Among these would be 
the lighting of bulletin boards, murals, and any 
area where vertical surfaces need to be lighted 


Standardization for Lamp Replacement 


The Community High School in Downers Grove, Il. 
has settled on 96-inch 75-watt lamps for standardi 
zation in replacement. In the relighting of the Chemistry 
in photograph) and the adjacent 
Physics Laboratory, four rows of twolamp luminaires 
suspended 25 inches from the ceiling, were suggested by 
the center skylight. The two center rows are broken at 
one end and run cross wise over the teaching area. This 
arrangement seems desirable and is being considered in 


Laboratory (shown 


plans for future relighting of other classrooms in the 
school. 


An average of 62 footcandles at desk level is achieved 
over the room, which is 22° 11" x 40° 7” with ceiling height 
of 116". The ceiling is flat white, side walls 55 per cent 
cream. Wall charts cover one wall and cabinets and 
chalkboards are on others. Photo courtesy The F. W. 
Wakefield Brass Company. 
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Grid-Systems For Classroom Lighting 


VER SINCE public acceptance of the fluores- 
cent lamp as a practical source of light, illu- 
minating engineers have been trying to devise 
methods of minimizing the considerable numbers of 
luminaires which have been necessary to provide 
desired illumination levels. Among these methods 
are, notably, louvered ceiling systems, translucent 
panels and troffers. Recently interest has developed 
in still another method which shall be referred to in 
this article as a “grid-system.” 

The grid-system has been available to the public 
for some time on a custom-made basis. It is only 
now, however, that such a system is being made 
available as a production item by various manu- 
facturers. 

Broadly speaking, the grid-system can be classed 
as an “over-all type” consisting of a skeleta! frame 
work mounted to the ceiling, providing for the 
support and proper spacing of a series of fluores- 
cent lamps and intervening shields. 

Because of the interest evidenced in these sys- 
tems the authors have investigated the use of this 
type of lighting in two similar classrooms in a 
grade school.* 

The grid-systems under consideration mounted 
96-inch, T-12 fluorescent lamps on 24-inch centers 
The shields, mounted midway between the lamps, 
did not extend to the ceiling for purposes of effi- 
ciency and economy aithough they provided an 
effective crosswise lamp shielding of 45 degrees 
(Fig. 1 

The system for each room was formed of a series 
of 4-lamp sections, each consisting of two 2-lamp 
rows. When assembled on the ceiling, the overall 
system width was slightly over 16 feet with the 
length in multiples of four feet. Shown in Fig. 2 is 
the refleeted ceiling plan of a typical room giving 
the arrangement of a grid-system using a total of 
28 lamps. It should be noted that there is no shield- 
ing between the end lamps and their adjacent walls 
Shields at these locations would serve no useful 
purpose and would, in fact, reduce desirable end- 
wall illumination 

The grid-systems in both schoolrooms are offset 


12 inches from the room centerline and away from 


*Central School, Mount Prospect, Illinois 
Authors: Benjamin Electric Manufacturing Company, Des Plaines 
Titinois. 
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Grid-Systems for Classroom Lighting—BensonChurch 15 


By BENJAMIN SCOTT BENSON, jR. 
ERIC H. CHURCH 


the window wall in order to increase the illumina- 
tion on the inside rows of desks which are least able 
to take advantage of natural lighting during the 
regular school day. Electrical circuits are so ar- 
ranged that the inner half of the system can be 
operated separately when desired 

By using both classrooms and their grid-systems, 
it was possible to investigate the effects of several 
variables upon the lighted environment. These in- 
cluded lamp operation at both 425 and 200 milli- 
amperes, the use of systems incorporating 28 lamps 
and, again, 24 lamps (a multiple of the basic 4- 
lamp section) and the use of both translucent and 
opaque shields. 

The translucent shields consist of narrow steel 
frames containing lengths of white polystyrene 
plastic which both diffusely transmit and reflect 
light from the lamps. Narrow convex ribs running 
the length of the shield serve to break up the specu- 
lar portion of what would ordinarily be a mixed 


Figure 1. Cross-section view of grid-system showing 45- 
degree lamp shielding. 


i i 


28-lamp grid-system. 


Figure 2. Reflected ceiling plan of classroom showing a 
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first-surface reflection. The combined reflectance 
and transmittance of the plastic is over 97 per cent 
The opaque louvers onsisted of two sheets 


of white finished perforated acoustical material 
mounted back-to-back and supported in the same 
framework as for the plastic. The measured reflect 
ance of the white surface (including the perfora 
tions) was found to be 76 per cent 

The two rooms were practically identical in every 
respect including dimensions and finishes 
painted walls and one papered wall 
whese predomimant background closely matched 
the reflectance of the other three. In one room the 
papered wall was at the front while in the other it 


was at the back. Vertinent room data are 


‘ 
Walls 
Blackboard 6% 
firay tile 1% 
Black tile 4 
Window shades 45% 
Desks 


Horizontal footeandles were measured at a total 
of G4 uniformls spaced stations for each grid 
investigated. Illumination measurements 
were taken with a cosine- and color-corrected foot 
eandle meter calibrated over the range of values 
encountered. DBrightnesses were measured with a 
ibrated Luckiesh-Taylor brightness meter by an 
werver seated at the last desk in the second row 
from the left. All readings were taken at night. A 
recording voltmeter measured the voltage for every 
Iiumination data were determined as 


shown in Table I 


Quantity of Lamp Current 
Lampe in Millilamperes 


aa 


Quantity of 
Lamps 


Lamp Current 


in Milllamperes Type of Shield 


Trans 


ent 


Transl 


()paque 
Translucent 


Translucent 


for Classroom Lighting 


TABLE I. 


Type of Shield 


TABLE II. 


Figure 3. ‘ypical room using six 300-watt indirect lumi- 
naires. (Brightnesses in footlamberts marked on photo.) 


Assuming a maintenance factor of 70 per cent 
and the lamp manufacturer’s lumen ratings for 
standard warm and standard cool white fluorescent 
lamps, data were calculated as in Table IL. 

Each of the rooms in this investigation was origi- 
nally equipped with six 300-watt incandescent in- 
direct luminaires. Fig. 3 illustrates the general 
lirhted appearance of one of the rooms before being 
redecorated to the reflectances previously men- 
tioned. Marked on the photograph are measured 
brightnesses in footlamberts. The average measured 
illumination (as found) was 6.2 footeandles. 

Fig. 4 shows the measured brightnesses (at 100 
hours) in the same room after redecorating and 
using a 28-lamp, translucent shield grid-system 
operating at 200 milliamperes. Unfortunately, the 
redecorating program did not include lighter col- 
ored chalkboards and floor coverings. These would 
have added materially to the pleasing appearance 
of the overall lighted environment 


Average Measured 


Lamp Color Pootcandles* 


Standard Warm White 
Warm White 57.8 
Warm 


Standard Warm White m4 


Standard 


W hite 


Calculated Average Maintained 
Ft-c (M.F.= 70") 


Standard Warm Standard Cool 


Coefficient of 
White Lamps White Lamps Utilization 
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0 
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Figure 4. Same room redecorated and with grid-system. 
28 lamps at 200 mils. Translucent shields. (Brightnesses 
in footlamberts marked on photo.) 


Fig. 5 shows the same installation as in Fig. 4, 
except using a 24-lamp, translucent shield grid- 
system. The removal of a basic 4-lamp section 
places the first row of lamps two feet farther away 
from the wall with a resultant change in front-wall 
brightnesses as shown. 

Fig. 6 shows a 28-lamp system using the opaque 
shields, and, again, with the lamps operating at 200 
milliamperes. Brightness readings on the front 
wall were measured on the light background of the 
wallpaper. 

Fig. 7 shows a 28-lamp system using the trans- 
lucent shields with the lamps operating at 425 
Bright- 


nesses were found to be generally higher through- 


milliamperes instead of 200 as in Fig. 4. 


out the room. 

Because the shields stop short of the ceiling, it 
is possible for an observer to look between the lou- 
vers and see narrow strips of the ceiling at angles 
less than the 45° shielding for the lamp. In certain 
instances a visible ceiling strip may be located 
directly above a lamp row where its brightness may 
be increased to a certain extent. The brightnesses 
of these strips have proved not objectionable as the 
strips are narrow (subtending a vertical angle at 
the eye of considerably less than one degree) and 
are bounded by the intermediate brightnesses of the 
adjacent shields. Brightness measurements of these 
strips with the lamps operating at 200 milliamperes 
were found to vary between 314 and 342 footlam- 
berts. At 425 milliamperes to the lamps the mea- 
sured brightnesses ranged between 479 and 668 
footlamberts 

In view of the results obtained, it would appear 
that such a grid-system can be suitable for installa- 
tion in school classrooms above the kindergarten 
level as well as in other locations where orientation 


JANUARY 1952 


Figure 5. Same room. 24 lamps at 200 mils. Translucent 
shields. Brightnesses in footlamberts marked on photo.) 


Figure 6. Same room. 24 lamps at 200 mils. Opaque 
shields. (Brightnesses in footlamberts marked on photo.) 


Figure 7. Same room. 28 lamps at 425 mils. Translucent 
shields. (Brightnesses in footlamberts marked on photo.) 


of the observer can be such as to take advantage of 
the maximum shielding offered. For classroom 
lighting it is recommended by the authors that the 
lamps operate at 200 milliamperes for lowered 
brightnesses in the 0 to 45 degree zone and that 
the room interiors be finished according to the 


American Standard Practice for School Lighting.* 


*American Standard Practice for School Lighting, Approved Sep 
tember 20, 1948, American Standards Association, Inc., A.1.A. 
11-F-28, A231 1948 UDC 628.9; 727.1 
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Classroom Designed for 


Light and Sound Control 


HE ADVANTAGES of better lighting and 


of acoustical treatment for interiors have 


been known and individually applied for 


some time. It was lowical therefore that the desir 
able features of light and sound control be incor- 
maximum benefit in 


porated in one system for 


design, installation and operation 
The long fluorescent lam ps sugvested a system 
which could be factorv-wired in sections and com 
pletely packaged. For installation, sections would 
be extended and lamps mounted like ladder rungs 
between and at right angles to the channels carry- 
ing the control équipment. This arrangement of 
lamps and channels could be developed as a prac 
tical lighting system, one which would appear as 
an inteyral part of the completed room Such a 
system was develope d and a schoolroom test instal 
lation made in December 1949," in which lines of 
T-12 fluorescent lamps were mounted close 
with 10-inch wide baffles hung 


avainst the ceiling 


hetween the rows. In that installation, 55 foot 
andles of illumination was furnished at comfort 
ibly low brightnesses 

With the use of acoustical material for the baffles, 
sound control has been introduced in subsequent 
installations. A typical example of this system 1s 
shown in Figs. 1 and 2, showing a classroom at the 
Hinsdale Township High School. The 
room is 26 feet wide, 35 feet long and 11 feet high 
The area on the ceiling, covered by the light and 
| 28 feet 


Nine rows of 


Illinois 


sound eontrol svstem measures 24 feet by 


and uses 36 T-12, %-inch lamps 
acoustical panels crosswise of the room, and two 


rows lengthwise, shield the lamps, and at the same 


time furnish sound control within the area 

\verag illumination at desk level after 100 
hours of lan 1 life was 53 footeandles This initial 
value may be to result in an average 
maintained level of 40 footeandles if allowance is 
made for 2O per nt depreciation due to aging of 
lawps and Heetion of dust and dirt on the room 
surtaces an features of this <vstem 
methtentally mend th selves to those inter 
ested in sts of operation, since there are oo hort 


18 Licht and Sound Contr Foulks 


Gilleard-Werhel 


By WILLIAM FOULKS 
GEORCE CILLEARD 
WILLIAM WEIBEL 


Describing a2 lighting system designed to 
provide both light and sound control for an 
interior. Packaged, pre-wired sections are 
extended and joined upon installation to 
support continuous lines of light. Acoustical 
baffles shield the light and absorb sound. 


zontal surfaces to collect dust except the tops of the 
The maintained 
vertical illumination along the center line of the 


lamps, which are easily cleaned 


chalkboard will vary from 25 footcandles near the 
bottom to 35 footcandles at the top. The position of 
the lamps and baffles with respect to the board is 
such that no annoying reflections occur 
Brightness values shown on the photograph are 
as measured after 100 hours of lamp operation and 
do not include a factor for depreciation. Foot 
candle values, as mentioned, include a factor of 25 
per cent for depreciation after the first 100 hours 
In this particular room, reflection factors range 
from 85 per cent on the white ceiling, to 10 per cent 
for the black chalkboard 


75 per cent; side wall of light green is 65 per cent; 


The acoustical panels are 


end walls of light creen, 60; venetian blinds closed, 
60; desk tops of blond wood, 40 per cent; green 
floor, 20 per cent 

The total watts in this installation, including bal 
lasts, is approximately 2000, or 2.2 watts per square 
foot. The system, under the conditions in this room, 
is therefore providing more than 18 footcandles 
maintained average illumination for each watt per 


square foot 


Construction and Packaging 


For the system deseribed, factory wired sections 
may be disjointed and folded for packaging. A 
typical folded section is packaged in a carton 6” x 
15” x 96". This section, when extended, covers a 
ceiling area 8 feet by 16 feet, several seetions being 
required for a classroom, the number and size of 
which will depend upon the room size and propor 
Such sections may be mounted end-to-end 
Baffles for light and sound con 


rol are supported from the channels and are paral 


“rons 


d side by side 
lel to the lamps 
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Installation of acoustic baffles at the Hinsdale 
Township High School. 


The central channel is the larger size, enclosing 
the ballasts. The tubing sections require no thread- 
ing and are secured by a simple turn of the fittings 
at the channel sides. These sections of tubing estab- 
lish lampholder spacing, provide closed passage for 
wiring and unify the assembly for electrical 
grounding. The one-foot by eight-foot baffles con- 
sist of panels of acoustical material set in a metal 
frame. Both exposed surfaces of the acoustical 
material are perforated. 

The ballasts, used in the sections, operate the 
lamps at approximately half brightness. Sections 
are factory wired so that all lamps on the window 
side of a classroom may be placed on one switch 
cireuit and the remaining lamps in the room may 
be placed on another switch circuit or cireuits 
The electrical contractor may then provide switch- 
ing so that the lamps on the window side may be 
turned off during brighter periods of the day. The 
lamps are 96-inch T-12 slimline, with single pin 
base and require no starters. The ballasts and the 
high voltage wiring are confined to the larger cen- 
tral channel. In new construction, the branch eir- 
cuit outlet would probably be located at some point 
along this ballast channel. However, for conveni- 
ence in either new or old construction, the building 
circuit conductors may enter any channel section. 


Shielding 


The acoustical panels running crosswise of the 
rvom, provide minimum shielding of 45 degrees for 
the pupils and 30 degrees for the teacher, the 
shielding angles being measured downward from a 
horizontal plane through the lamps. These same 
panels could easily be shifted to a point midway 
between the lamps in which case the minimum 
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Figure 2. Brightness values at various points in the class- 
room and illumination level on desk tops. 


shielding would be 35 degrees from both ends of 
the room. The three-foot spacing of lines of lamps 
results in unusually uniform illumination over the 
desk area and in excellent diffusion and lack of 
shadows. Notice in Fig. 2, the illumination under 
the desks. 

The quality of lighting over the desk area is 
comparable to that of indirect illumination while 
at the same time the brightness of the upper part 
of the room from normal viewing angles is much 
lower than it would be with either an overall lumi- 
nous ceiling or a ceiling illuminated by indirect 
luminaires if such installations were to provide an 
equal quantity of light on the desks. 

At each end of the room there are two rows of 
low brightness lamps on four-inch centers. These 


- PLASTER SURFACES 


SOUND CONTROL SYSTEM 


REVERBERATION TIME - SECONDS 


10 20 30 40 


NUMBER OF PUPILS 


Pigure 3. Maximum sound conditioning in a large room 
(Hinsdale Township High School) with dimensions 35 x 
26 x 11 feet. 
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provide higher illumi 
rd and rear wall than if the 
ere located close to 
assist in keeping the 
front and rear desks 
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Summary 


Lighting is good when it combines high quality 
and adequate quantity. The comfortable quality of 
the illumination produced by the light and sound 


nog svstem deseribed may be attributed to 


s operating at low brightness 


snd positioning of the acoustical 


panels which conceal the lamps from normal viewing 
angles 
The light colors of the room surfaces 


St GROL NDINGS 


und furnishings 


The system provides unique features of packag- 
ing, installation, illumination, sound control and 
maintenance. Individual sections, factory-wired 
and folded for packaging, are extended and joined 


with other sections on installation. This provides 


support and control for continuous lines of light 


across most of the ceiling area 

The %6-inch fluorescent lamps operate at approxi- 
mately half brightness to reduce reflected glare, 
brightness contrasts and brightness ratios, and to 
minimize shadows 

The baffles provide shielding of the lamps as well 
The vertical position of the 
makes 


as acoustical eontrol 
baffles reduces maintenance. The system 
very satisfactory utilization of the light and pro- 


vides effective acoustical control. 


High School Band Room Features High Level Lighting 


The band room at the Lyons Township High School 
and Junior College, La Grange, IIL, has an average level 
of 70 footeandies on a horizontal plane three feet above 
the floor after six months of operation. Each of the 
luminaires is equipped with two 85-watt T-17 lamps. 


Light and Sound Control 


Foulks-Gilleard-W eibel 


There are two rows of nine 5-foot luminaires and one row 
of seven. Brightness readings indicated on the photo- 
graph are in footlamberts and were taken from camera 
position. The brightness of white paper measured on 
several music racks ranged from 45 to 65 footlamberts. 


Photo courtesy Curtia Lighting, Inc., Summit, 10. 
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HEN one considers the present day activ- 

ity of children in schools it is evident that 

the visual environment must be arranged 
to accommodate all types of activity. One cannot 
limit a person’s activity in a room or building and 
thereby expect to protect him from the dangers 
that are inherent to poor lighting. Consequently, 
it is the responsibility of the scientist to specify the 
characteristics of good daylighting for all activities 
and to deseribe clearly how these visual environ 
ments can be established, measured and maintained. 

Although the importance of quality in lighting 
has been established, there is still a tendency to 
minimize it and talk principally of quantity. Pos 
sibly this is due to the fact that it is much more 
difficult to achieve good quality than it is to obtain 
quantity. Quality natural lighting can be provided 
through the use of optically designed fenestration 
materials. In many types of fenestration the bright- 
ness ratio, involving the brightness of the fenestra- 
tion and the illumination of the task, is high. The 
best way to reduce the brightness ratios incidental 
to daylighting is to lower the fenestration bright- 
ness in the direction of the observer and at the 
same time raise the illumination of the task. This 
requires the use of a functional fenestration, that 
is, one that transmits light into the room in upward 
directions, together with proper reflectances for 
the room surfaces. From the point of view of 
efficiency and high quality, these surfaces should 
be as high in reflectance as is practical. The bright- 
ness ratios developed in the room are dependent 
upon the reflectances of the room surfaces and the 
amount of light incident upon those surfaces. 

With non-functional fenestration materials such 
as clear flat glass some form of auxiliary brightness 
control devices are necessary to obtain quality day- 
lighting. Some are diffusing, such as window 
shades, others are reflecting, as in the case of Vene- 
tian blinds. These auxiliary devices require consid- 
erable care and adjustment. Prismatic glass block 
have the preadjusted light control devices built 
into them. 

Both quality and quantity in daylight are de- 
pendent upon several factors: the size of fenestra- 
Condensation of a paper given at the 1.E.8. Regional Meeting, Cin 
cinnati, Ohio, May 25, 1951 


Author: Research Physicist, Engineering Research Institute, Uni 
versity of Michigan, Ann Arbor 
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Daylighting in Classrooms 


By R. A. BOYD 


tion relative to the room, the transmission charac- 
teristics of the fenestration material, the room sur- 
face reflectances and the exterior daylight condi 
tions. In many reports on daylighting, incomplete 
data are given on some of these factors. For exam- 
pls, sky brightness is frequently recorded, but no 
data as to the exterior illumination on the fenestra 
tion are given. This illumination depends not only 
upon the sky conditions but also upon surrounding 
exterior conditions such as foliage, bare ground, 
pavement and buildings. Neglect of these influ- 
ences can result in misleading conclusions. 

The Daylighting Laboratory, built on the roof of 
one of the buildings at the University of Michigan, 
includes a full-scale experimental classroom, Fig. 1 
Measurements presented in this paper were taken 
in this experimental classroom and two actual class 
rooms located at the Southside Junior High School, 
Kalamazoo, Michigan, and the Newton Sehool, 
Newton, Massachusetts. Each of these classrooms 
has fenestration which consists of prismatic glass 
block above a clear sheet-glass vision strip. The 
Kalamazoo School also has a clerestory of prismatic 


glass block. Fenestration and room surface bright- 


Figure 1. Full-scale experimental classroom is built on 
the roof of one of the buildings at the University of 
Michigan. 
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nesses are given in footlamberts, and task lumina d 
tions in footeandles 

Illumination measurements were made with cor 
rected photoce ils which were connected to a Speed 
omax Recorder to eliminate personal errors in read 
ing. The error in tiumination measurements was 
not greater than 2 per cent. The brightness of the 
sky and fenestration was measured automatically 
by a direct-reading objective type instrument de 
signed and built at the University of Michigan for 
the Davlichting Laboratory. None of the available 
brightness measuring instruments were considered 
suitable for this application The brightness of the 
room surfaces. on the other hand, was determined 
by measuring the surface reflectance and incident 


illumination and also by use of the Luckiesh-Taylor 


1 Experimental Classroom Daylighting Labora 4 


tory, University of Michigan, Fig. 2 


a) Dimensions 


Room Depth 24 Feet 
Room Width w Feet 
Ceiling Height 12 Feet 
Refleetivities b 
Ceiling SS‘, 
Average for Front Wall 63% 
Average for Opposite Wall 11% 
Average for Rear Wall 77% 
Desks 48°% 
Mloor 32% 
Chalkboard —-Cireen 21% 
Tackboard—Tan 41°, 
Average—Entire Room 61% 


¢) Ratio of Fenestration Brightness to Task 
Illumination 
Sunand Overcast 
Clear Sky* Sky* 


Exterior Vertical Sur 


face Illumination $250 Ft-c 1000 Ft-« 
Dats 5/5/51 5/17/51 
Time (ES.T 10:00 am 3:00 pm 
Front Block Panel to 

Right Rear Task 5.0 tol 55 tol 
Rear Block Panel to 

Right Rear Task S1tol 8.9 tol 
Rear Block Panel to 


Left Rear Task 3.1 tol 3.0tol 


ta ghtness n footlen ts task high 
n f andles sed af « physical descriy n of re «x 

it hy cica! adaptati im that 
T va . t shaded w Venetian Blinds portar 
ts at r “ «k if on 
ia sky brightness to rear task illumi he 
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Brightness Meter Mici gan, Fig. 3 


Brightness Ratios :* 


Sunand Overcast 
Clear Sky*® Sky* 


Block Panel to 


Adjacent Wall 18 tol l6tol 
Chalkboard to Wall 

Above 10te2 10te3 
70% Task at rear desk 

Desk 15tol 15tol 

Floor 25tol 20tol 

Dado tol 13 tol 
Diversity of Task 

Illumination 2.5 2.7 


” Southside Junior High School, Kalamazoo, 


Dimensions 
Room Depth 28 Feet 
Room Width 28 Feet 
Ceiling Height 
Main Fenestration We 
Clerestory 15’ 3” 


Reflectivities 
Ceiling 
Concrete Block Wail—Yellow 79% 


Chalkboard— Green 21% 
Tackboard—Tan 29% 
Birch Woodwork 52% 
Desks 45% 
Tile Wainscot—Buff 60% 
Floor Asphalt Tile 32% 


Ratios of Fenestration Brightness to Task 
Illumination : 


Overcast 


Sky 
Exterior Vertical Surface 
Illumination 1000 
Date 5/10/51 


Time (E.S.T 11:00 am 
12:10 pm 

Front Main Panel to 
Right Rear Task 57 tol 
Rear Main Panel to 
Right Rear Task 


tol 


Brick Wall to Right Rear Task 7.5 tol 


noted from these data that the quality of the daylighting 


ond the same for overcast and sun and clear sky conditions 
t laboratory data also confirm this. This is interesting 
( the two haracteristics of good daylighting the most 
t one, namely quality an be definitely maintained 
onsiders the mination of the working plane, the front 
eiling and the opposite wall as indicated on these draw 


roximately the same value 
¢ oriented in any way 


that they all have ap; 
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Deylighting Leboretory Experimenta! Clessroom South /aposure Deylighting Leborctory Experimentel Clessroom South Exposure 
10.00 Am 5/5/5! SUN AND CLEAR M EST. S/17/5) OVERCAST SKY 


Figure 2a. Figure 2b. 


(d) Brightness Ratios: 
Overcast 
Sky 

Main Block Panel to 

Adjacent Wall 34tol 
Clerestory Block Panel to 

Adjacent Wall 34tol 
Chalkboard to Wall Above 10 to 3.3 
70° Task at Rear Desk to: 

Desk 13 tol 


F loor : 1 to 1 Southside Junior Scheel, Mich Boom 514, Les: Exposure 
Dado l4tol 1.00 MEST, 5/0/51 OVERCAST SAY 


Diversity of Task Illumination 2.5 Figure 3. 


3. Newton School, Newton, Massachusetts, Fig. 4 


a) Dimensions: 
Room Depth 23° 4° 
Room Width 33’ 0” 
Ceiling Height 10°11" 


b) Reflectivities : 


Ceiling 89% 
Upper Walls 78% 
Lower Walls 76% 


Chalkboard—Green 18% 
Newton School, Newton, Moss, Room 12, Southeast Exposure 
Desks 40% 10:50 AM. EST, 10/9/50 SUN AND CLEAR SKY 


Floor 28% Figure 4a. 
Ratio of Fenestration Brightness to Task 
Illumination : 
Sunand Overcast 
Clear Sky Sky 


Exterior Vertical Sur 
face Illumination 9000 Ft-c 1000 Ft-e 
Date 10/9/50 9/19/50 
Time (E.S.T.) 10:55am 11:30 am 
Front Block Panel to 
Right Rear Task 58tol 62tol 
Rear Block Panel to 


Vision Strip to 115-1045 AM EST. 0/19/50 OVERCAST SKY 


Right Rear Task 32 tol Figure 4b. 
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Dimensions 
Room Depth 
Room Width 
Ceiling Height 
Reflectivities 
Ceiling 
Average for Front Wall 
Average for Opposite Wall 
Average for Rear Wall 
Desks 
Floor 
Chalkboard Cireen 21% 
lackboard —Tan 
Average Entire Room 56% 
Ratio of Fenestration Brightness to Task 
IHumination 

Sun and Clear Sky 
Exter 

890000 F't-e 


Vision Strip 


‘ 


Shade dil nshade d 
10 18 50 10/18/50 


1:30pm 1:20 pm 
nt Block Panel to 
Right Rear Task 65tol 
Block Panel to 
Rear Task ll2tol 79tol 
Vision Str Pp to 


Right Rear Task 12tol 210tol 
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All of these results, presented for the Laboratory 
Classroom and actual school classrooms, indicate 
that quality daylighting can be obtained through 
the use of prismatic glass block; the quality being 
essentially the same for sun and overcast sky con 
ditions. The high brightness ratio that is intro 
duced by an unshaded vision strip ean be elim 


by proper shading without substantially rv 


nated 
ducing the illumination throughout the room 
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tions have an important effect on the comfort (or lack of 
it) of the installation. 

The use of a ratio of fenestration brightness in terms of 
footlamberts to task illumination in footeandles as a 
measure of lighting quality is a pew concept. The usual 
method is to assume an average task reflectance so that 
these ratios can be expressed as simple ratios of bright 
nesses. 

It should be noted also that the reflectances of the side 
walls in the different installations are given as 71, 76, 
77, and 78 per cent whereas the American Standard Prac 
tice for School Lighting specifies 70 per cent as the maxi 
mum value for such areas. 

Dr. Boyd refers to an automatic direct reading objec 
tive type brightness measuring instrument. There is a 
real need for such an instrument and it would be very 
helpful if Dr. Boyd would describe his development along 
these lines. 


R. A. Boyp*: The maximum brightness of 225 footlam 
berts, that Professor Putnam cites in his discussion, per 
tains to luminaires. It is a vague limitation in that the 
corresponding field brightness and task illumination are 
not stated. Various researches have shown that bright 
ness ratios are of extreme importance in quality lighting 
and visual comfort. In daylighting through the use of 
prismatic glass block the quantity of illumination is not 
a constant as in the case of artificial lighting; therefore, 
brightness ratios must be used as one measure of quality. 
As Professor Putnam states brightness ratio is only one 
of several criteria that must be met. It is quite likely 


* Author 


that additional researches will show that there is a maxi- 
mum brightness for visual comfort even though bright 
ness ratios are controlled but it is inconceivable that its 
value is 225 footlamberts. Mr. H. L. Logan in his re 
search relating to the Srightness characteristics of nat 
ural luminous environments has found that brightnesses 
of several thousand footlamberts are not uncomfortable. 
The very fact that man has good vision outdoors is evi 
lence that brightness alone does not define a good visual 
vironment. 

The ratio of fenestration brightness to task illumina 
tion was used instead of the ratio of fenestration bright 
ness to task brightness because it involves two quantities 
that can be measured accurately. Besides, the quotation 
of task illumination does not involve the uncertain char 
acteristics of the task, namely, reflectiv ity, diffusion and 
contrast. 

It is dificult to say why the American Standard Prae- 
tice for School Lighting specifies 70 per cent as a maxi 
mum value for the reflectivity of the classroom walls. 
Presumably it relates to the brightness ratio between 
task and surround; especially where the task is a wall 
chalkboard. In that case, the reflectivity of the wall ad- 
jacent to the chalkboard should not be greater than three 
times the reflectivity of the chalkboard if the 1 to 3 
brightness ratio is to be maintained, but this in itself 
does not establish a 70 per cent limit. From the point of 
view of diffusion of light the reflectivity of the walls 
should be as high as is practical from a maintenance 
point of view. 

A deseription of the objective-type brightness meter 
used in this work will be given in a later paper after the 
development of the instrument has been completed. 


Low Depreciation 
In Experimental Installation 


Two-lamp 40-watt luminous indirect 
luminaires are used in an experimental 
installation at the North Glendale School, 
Glendale, Mo. With the totally enclosed 
unit—translucent lower plastic and clear 
upper plastic—the initial level of illumi- 
nation was 53.9 footcandles and after nine 
months, 46.5, amounting to a depreciation 
of only 13.7 per cent. 

Brightness ratios are: luminaire to 
acoustical tile ceiling, 1:2.5; task to desk, 
1:1.6; task to floor, 1:6; and luminaire to 
chalkboard, 1:60. 


Photo courtesy Day-Brite Lighting, Inc. 
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Lighting a Storefront Identification Sign 


ALA. File No 


LIGHTING OBJECTIVE To identify a small store on a main shopping street so it attracts attention tastefully. 


Installation at Harris Brothers 
Genesee Street, Utica, New York 


General Information: The three-faced sien has a total height of 1! » feet and projects approximately 
» feet out from the building with 3-foot wide faces, Letters on the sign are cut from .250-inch blue 


Mlexighis and are mounted on white translucent Plexiglas panels. The letters in the name Harrts are 


inehes high with 2'. and inch wide strokes 


The upper faeade (12's x 14! feet overall) is made of corrugated and flat sheets of white trans- 


lucent Plexiglas except for the 5 by S-foot clear display window 


Lighting Installation: The sign is illuminated by 172 feet of 3500K 15 mm cold cathode tubing total- 
ing S750 volt-amperes with auxiliaries, The storefront employs 42 8-foot 3500K 25mm cold cathode 


lamps on 6 and S-ineh centers totaling 1836 volt-amperes with auxiliaries 


Sign brightness is 430 foothamberts with a resultant visibility distance of about 500 feet 


lustallation designed and installed by Everett Hall and Son, Utica 


Niagara Mohawk Power Corperatior Utica. New 


k « ple practice and te aid im the design of similar nstallations 


Published by the Committee on Publications of the Nluminating Bngineering Society 
1960 Broadway. New York 23, 
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Stroboscopic and Flicker Effects 
from Fluorescent Lamps 


THE INVESTIGATION reported in this paper was 
prompted by what the authors believe to be a gen 
eral misconception as to the actual amount of 
evyelic flicker from fluorescent lamps, and its effects 
Cyelie flicker from fluorescent lamps may some 
times be seen by looking at the ends of the lamps 
with slightly averted vision. Stroboscopic effects 
ean be seen by observing moving machinery parts 
such as gears. Formulas are developed which will 
rate different lamps and circuits in the order of 
their effects 
and flicker effects from some filament lamps are 


It will be shown that the stroboscopic 


about the same as with some fluorescent lamps 


Flicker Measurement of Light Sources 

As a preliminary to the investigation, a quanti- 
tative method for determining the cyclic variation 
of the light output of fluorescent and filament 
lamps was needed. Since the light output consists 
of two parts, a steady component and a varying 
component, a convenient method had to be devised 
to show both parts simultaneously. Referring to 
Fig. 1, vacuum photocells were used as the means 
of detecting the light output 
cathode follower stage was employed in each photo 


In conjunction, a 


cell probe to avoid capacitive pick up and allow 
more flexible use of the photocell probes The out- 
puts of the photocells were coupled to the oscillo 
scope through an electronic switch. This arrange 
ment made possible the observation of two light 
sources at the same time to determine their rela- 
tive flicker and phase relation 
the cells in the dark, the total light observed by 
the second cell eould be shown on the oscilloscope, 
the trace of the first cell acting as the base line 


By placing one of 


Lamps and Circuits 
Fluorescent lamps vary in cyclic flicker depend 
ing upon the color (type of phosphor used) and the 
cireuit used to operate them. In the early days of 
fluorescent lighting, all lamps were operated singly 
by means of a series reactor and a starting switch, 
Pig. 2 (A-1). 
Lamps such as the 40-watt type operated on 


A paper presented at the National Technical Conference of the 
INuminating Engineering Society, August 27-90, 1951. Washington, 
D. C. Authors: General Electric Co. Nela Park Engineering Divi 
sion, Cleveland, Ohio 
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Flicker Effects from Fluorescent Lamps 


By ARTHUR A. EASTMAN 
JOHN H. CAMPBELL 


single lamp ballasts produced a 50 per cent lagging 
power factor. This characteristic was not desirable 
in large installations and power factor was in 
creased by applying capacitors to individual bal 
lasts or at the panel board. It should be pointed 
out that the evelic flicker was not considered ob 
jectionable for most applications and correction of 
line power factor by means of separate capacitors 
did not reduce eyclie flicker. In a few installations 
fixtures were installed on three-phase cireuits to 
correct evelic flicker, but this added to wiring costs 
Hlowever, a much more efficient method of power 
factor correction resulted from the development of 
the split-phase, two-lamp, preheat-type ballast 
This circuit produced a high power factor by oper 
ating one lamp on a leading power factor circuit 
and the other on a lagging power factor from a 
common Fig. 2 (B-1). Although 


power factor correction was the prime purpose of 


transformer, 


the two-lamp ballast, it also provided some correc 
tion of evelic flicker by operating the two lamps on 
opposite phases. The resulting illumination could 
be shown by measurement with photocells and 
oscilloscope to be more uniform than that from 
There 
fore. more attention was given to evelic ftlieker by 
When 


instant-start, split-phase ballasts were designed, 


lamps operated on single lamp ballasts 
comparing single and two-lamp operation 
such as the slimline group, a higher voltage was 


required to start the lamps, Fig. 2 (C-1). The opti- 
mum ratio of inductive to capacitive reactance for 


CLECTRONIC 
Switch 


6 


Figure 1. Test circuit designed to obtain flicker traces 
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Figure 2. Typical circuit diagrams for the operation of fluorescent lamps and the resultant waveforms of the light 
from daylight, standard cool white, and standard warm white lamps. Also waveforms of light from 40, 60, and 100- 
watt filament lamps. 
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proper lamp regulation and wave shape resulted 
in a closer phase relation between the two lamps 
and cyclic flicker approached single lamp opera- 
tion. 

The now popular sequence-starting, series-oper- 
ating ballasts resulted in reducing the size, weight 
and cost of slimline ballasts, but since lamps oper- 
ate in series there is little or no correction of cyclic 
flicker. In fact, one sequence-start series circuit 
shows an increase in flicker over a single lamp be- 
cause of current wave shape distortion. Two types 
of sequence-start series ballasts now on the market 
are illustrated by the schematic diagrams of Fig. 
2 (D-1) and Fig. 2 (E-1). 

Light Output Wave Shapes 

Fig. 3 shows two photographs of typical traces 
as recorded on the oscilloscope. The trace at the 
left shows light variation from a single daylight 
lamp operated on a reactor type ballast and the 
trace at the right illustrates light variation from 
two standard warm white lamps operated on a 
preheat type split-phase ballast. These two photo- 
graphs represent the extremes of high and low 
flicker with present phosphors and circuits. The 
flicker traces shown in Fig. 2 corresponding to 
various circuits and lamp colors were obtained 
from photographs taken during the test. 

Table I shows the per cent flicker and phase 
angle corresponding to various lamp color and 
circuit combinations for the 40-watt lamp. Per 
cent flicker from filament lamps of various sizes is 
also shown for comparison of the two light sources. 


Per Cent Flicker 


Per cent flicker in each case represents deviation 
from the mean of maximum and minimum light 


output as measured from the zero light base line 
which can be expressed by the following equation : 


Cans Max. — Min. 
er Len icker = —— 
Max. + Min. 


The daylight, standard cool white and standard 
warm white phosphors in lamps operated on the 
same ballast show a range of per cent flicker values. 
This difference in per cent flicker is due to the dif- 
ferences in the decay time of the various phosphors. 
The same lamps will show a difference in per cent 
flicker depending upon the ballast circuit em- 
ployed. When two lamps are operated on a split- 
phase ballast such as shown in Figs. 2 (B-1) and 
2 (C-1), the resulting illumination will vary in per 
cent flicker depending upon the phase angle be- 
tween the two lamps. A 90° phase angle produces 
maximum correction, but other considerations in 
ballast design make it impractical to design for a 
90° separation. In referring to Table I, it will be 
noted that the flicker of lamps operated on the low 
voltage preheat ballast where the lamps are 68° 
apart is about one-half that of the higher voltage 
multiple instant-start type where the phase angle 
is only 35°. Any correction obtained with single 
lamp or series ballasts is dependent upon the decay 
rate of the phosphor and the operating current 
wave shape. 


Flicker Index 


Per cent flicker of any given light source can be 
measured with reasonable accuracy but these data 
are not necessarily indicative of the way in which 
the human eye responds to objects illuminated by 
the flickering light sources. It is therefore appar- 
ent that proper evaluation of flicker depends upon 


Pigure 3. Two photographs of light output traces as recorded on the oscilloscope. Left — single daylight lamp 
operated on a reactor type ballast. Right two standard warm white lamps operated on a preheat split-phase 
ballast. 
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TABLE I 


Daylight 
PerCent Flicker 
Flicker 


40 watt flament 
watt filament 
watt fllament 


er index which can rate different wave forms 
the same order as the human eve 

When a light source varies in brightness, either 
v is said to flicker, All 
ommon sourees of light produced with alternating 
flickering lights 
ent lamp flickers as it heats and 


ularly or irregularly, it 


urrent are The tungsten filament 
of the ineandes 
wols with each change of direction of the flow of 
With GO-ewele « 


per second are produced as the current changes 


current urrent, 120 pulses of light 


direction 120 times each second. In gaseous dis 
harge lamps, such as neon tubing, and in fluores 
ent lamps, a pulse of light is also produced with 
each pulse of current, and flicker results 

An incandescent tungsten filament does not have 
time te cool completely as the current changes di 
reetion, so the light emitted has a flickering part 
plus a stemly part. The light from the neon tubing 
yoes out entirely with each reversal of current and 
a strong flicker is produced 

The light from the fluorescent lamp is also partly 
flickering and partly steady. The amount of flicker 
ing light with respeet to the steady light varies 
with the decay rate of the phosphor used and with 
the ballast cireuit. Over most of the length of the 
lamp, the flicker rate is 120 flashes per second with 
fiihLevele operation. At the ends of the lamp each 
This gives 


When 


flicker is noted in fluorescent lamps, it is this end 


alternate flash is comparatively weak 


an effective rate of 60 flashes per second 


flieker which is seen 
cannot deteet a flicker of 120 
Fusion of the flashes into a 


The human eve 
flashes per second 
steady sensation occurs at a rate much lower than 
this. Hecht and Shlaer' in 1936 showed flicker 
fusion frequencies up to 62 flashes per second for 
1 li-degree area of high brightness. Other expert 
menters also show that fusion frequencies in. the 
neighborhood of 60 flashes per second are found 
only with large areas and high brightnesses. Under 
flicker can be detected 
with peripheral vision than with central 
fact that when the 


most eonditions more 


readily 
vision, This aceounts for the 


end of a fluorescent lamp is directly observed 
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Index 


40-w Standard 
Warm White 
PerCent Flicker 
Flicker Index 


40-w Standard 
Cool White 
PerCent Flicker 
Flicker Index 
0.117 

8.7 046 
12 0.097 
2 3.3 1140 
0.167 aan 0.125 
PerCent Flicker 
Plicker Index 
o4 


00 


flicker cannot generally be seen, but it can be seen 
sometimes with slightly averted vision. The same 
effect can be observed when viewing an incandes 
cent lamp operating at 25 cycles. The effect is usu 
ally more pronounced since flash frequency in this 
ease is OO per second rather than 60 

Many investigators have used only on and off 
flicker with the light and dark periods equal. This 
vives a square wave of light output on the oscillo- 
scope. Some have investigated the effect of differ 
ent light-time ratios. Crozier* Cobb* and others 
have found that when the light time of the eyele is 
large, fusion occurs at a lower frequency than 
when the light time is small compared with the 
dark time. Ives* found that the square wave gave 
a more pronounced flicker than the sinusoidal and 
other wave forms 

It can be seen from this discussion that the ob 
servance of flicker is dependent not only on the 
frequency of the flicker, the area of the source and 
The light 


from incandescent lamps varies in a nearly sinusoi 


its brightness, but also on the wave form 


dal wave, while that from fluorescent lamps is dis- 
torted and may take any number of forms 

The direct or peripheral observation of the flick- 
ering end of a fluorescent lamp can be avoided by 
proper shielding. (The principal reason for shield 
ing is, of course, to avoid high brightnesses in the 
However, another effect of flicker 
which cannot always be avoided is the stroboscopic 


field of view 


effect on moving machinery or merely the fingers 
waved under the light, 

It is well known that a single lamp will give a 
greater stroboscopic effect than will two lamps ar- 
ranged in a split-phase circuit. But, there has been 
no way to evaluate flicker on an entirely satisfac 
tory basis. Formula (1), per cent flicker, will often 
vive a satisfactory rating, but there may be ob- 
svervable differences between two lamps or two cir 
enits even though the per cent flicker is the same 
There is a need for a simple method of assigning 
flicker indexes to the light from different cireuit 
and phosphor combinations so that the combina 
tions can be directly compared as to their effective 
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hess in minimizing the direct observation of flicker 
and the stroboscopic effect 

A flicker index should rate different wave forms 
in the same order as the human eve. That is, a 
square wave form should have a higher index than 
a sinusoidal wave. A wave form with a large dark 
portion should have a higher index than one with 
a large light portion. Light from a source having a 
small steady component should have a higher flicker 
rating than light with a large steady component 
These requirements are met by a simple formula 
developed from the examination of oscilloscope 
tracings of wave forms and checked by direct ob- 
servation 

Fig. 4 shows a typical curve of flicker from the 
end of a fluorescent lamp. If there were no flicker 
the curve would be simply a straight line a certain 
distance, 7, above the base line, and J would repre 
With the flicker 
is determined by dividing the total area 
A,, by the length of the evele, L 


After the average line is drawn in, the area under 


sent the intensity or brightness 
curves, 
under the curve, 


the curve is seen to be divided into two parts, A,, 

flicker 

index, F, is determined by dividing the area above 


above the line and A,, below the line 


the average line by the total area under the curve 
A, 
A, 


This formula will rate the different wave forms 
in the same order as the eve, and can be checked 
by direct observation. Any formula which depends 
only on maximum, minimum, and average intensi- 
ties such as (1), per cent flicker, will not differen 
tiate between the wave forms shown in Fig. 5. 
These forms all give the same average brightness 
and they are all rated at 100 per cent flicker, but 


the flicker index values are not the same. The 


FLICKER IN RFs 
LICKE DE ory 
Pigure 4. Typical curve of end flicker for a standard cool 
white finorescent lamp showing method of calculating 
flicker index, F. 
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flicker index gives ratings from zero to one, with 
zero for a steady light. One is approached with a 
square wave with a large dark portion of the cycle. 
A square wave with equal light and dark portions 


and no steady component, has an index of 0.5. The 


F =.318 


(6) F =.250 

Figure 5. Various waveforms all with the same average 

and all having 100 per cent flicker, but differing in flicker 
index. 
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index becomes smaller with the addition of steady 
light. The index will not differentiate between the 
same wave form at different frequencies. This is 
net particularly important, however, as two wave 
forms which are shown to be different at one fre- 
quency will also be different at any other fre 
que ney 

Checking of the flicker index formula was ac 
omplished by using the set-up diagrammed in Fig 
6. This is similar to the arrangement used by Ives* 
in 1924 


polar 


Each wave form (Fig. 5) was plotted on 
vordinate paper and then transferred to a 
ardboard disk. The disk was rotated in front of 
wvered with flashed opal glass) in a light 
box. The slot was radial to the disk and was five 
As the flicker disk rotated, the light 
oming through the slot was interrupted according 
This interrupted, or flick- 


inch diffusing disk 


devrees wide 


to the shape of the disk 
ering, light illuminated a 1!» 
n the center of a large white screen. The design 
of the disk and speed of rotation was such that 
the flash frequency was kept constant at 60 per 
second. Observers sat with their eyes 18 inches 
in front of the flickering spot which was adjustable 
im brightness 

Since the appearance of flicker is to a large ex 
tent dependent on brightness, measurements were 
made by adjusting the brightness of the spot until 
Flicker would appear at 
lower brightnesses for those wave forms with high 


flicker was just observed 


flicker indexes than for those with low indexes 


Readings were always taken by having the experi 


Par Gi 
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Figure 6. Schematic diagram of apparatus used to pro 
duce any desired waveform for a flickering spot. 
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menter raise the brightness of the spot until the 
observer signalled that flicker was apparent. This 
method was found by Crozier? to give more reliable 
results than reducing the brightness until flicker 
was not seen. 

Results for several observers are shown in Fig. 7. 
The flicker indexes are plotted against the bright- 
ness required to just see the flicker. Since the ab- 
solute brightnesses varied considerably with dif- 
ferent observers, the brightness values are given in 
per cent of the brightness required to just see the 
flicker from the square wave (No. 1). It is seen 
that the expected relationship exists, in that as the 
flicker index decreases the brightness increase 

After the formula was checked with the wave 
forms shown in Fig. 5, flicker disks were made for 
the end flicker wave form, Fig. 4, and the wave 
form of C-2, Fig. 2. The wave form C-2 was ob- 
served at half its normal frequency which gave 
60 impulses per second. The results given in Fig. 7 
show agreement with the other wave forms tested. 
Since the end flicker varies greatly with the dis- 
tance from the end of the lamp, only one typical 
trace was used. 

The flicker indexes for the wave forms shown in 
Fig. 2 are given in Table I. The index values rate 
the different wave forms in the same order as the 
per cent flicker values, but the ratings are more 
nearly in accordance with the response of the eye. 
However, it should be emphasized that the flicker 
of the center portion of fluorescent lamps cannot 
be seen when the lamps are operated on 60-cycle 


00 ‘se 200 300 


BRIGHTNESS FOR JUST PERCEPTIBLE FLICKER (PERCENT) 


Flicker Index vs. Brightness for just per- 


Figure 7. 
ceptible flicker for a variety of waveforms. Nos. 1 to 6 
refer to waveforms shown in Fig. 5, EF refers to Pig. 4, 
and C-2 refers to Fig. 2, C-2. Brightness for just per- 
ceptible flicker for square wave, No. 1 is 100 per cent. 
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current. 

Different indexes are found for the three colors 
of lamps. These indexes were also checked by di- 
rect observation of the flicker spot. The differences, 
of course, are not due to the color since the oscillo- 
scope trace would not show such differences. As 
stated previously, the differences are apparently 
due to the decay characteristics of the phosphors 
used to produce the different colors. It is of inter- 
est to note that Hecht' could find no difference 
in flicker response throughout the visible spectrum 
for all brightnesses in the range of photopic vision. 


Stroboscopic Effect 

The stroboscopic effect from flickering light can 
be observed with either rotating or reciprocating 
motion of machinery. With rotating parts, cogs 
or spokes may appear to move slower than they 
actually are, or even appear to move in the oppo- 
site direction. With a reciprocating part, several 
parts may be observed instead of just a blur when 
the part is moving. Whether this stroboscopic ef- 
fect is significant or not depends upon the speed of 
the moving parts being illuminated. The flicker 
rate of the hight source and the speed of rotating 
parts must be in exact synchronism to make the 
parts appear stationary while any deviation from 
this relationship will show motion. 

The greatest stroboscopic effect is with gaseous 
discharge tubes especially for giving 
sharp flicker at any desired frequency. They are 
used to apparently stop motion of moving ma- 
chinery so that the performance of the machine 
may be studied. The greatest stroboscopic effect 
from a fluorescent source may be from a single 
lamp or from two lamps operated on a sequence 
start series ballast. The least stroboscopic effect 
from fluorescent lamps is obtained with multiple 
two-lamp, split-phase circuits. However, differ- 
ences in stroboscopic effect with the different cir- 
cuits may be less than the differences observed with 
different lamp colors 

For example, the flicker indexes for the standard 
warm white lamps operated on the multiple two- 
lamp, split-phase circuit of Fig. 2 (C-1) and the 
series two-lamp sequence-start circuit of Fig. 2 
(E-1) are 0.048 and 0.076 respectively, (Table I). 
But, the index for the standard cool white lamp 
operated on the circuit of Fig. 2 (C-1) is 0.097. It 
should also be noted in Table I that the indexes for 
some fluorescent lamps and circuits are lower than 
the indexes for the 40-watt filament lamp. 

To study the effect of various circuits and colors 
of lamps, a stroboscopic disk was prepared. It 
could be rotated at various speeds. Several systems 
using different ballast circuits (Fig, 2) were set up 


designed 
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so that rapid switching from one to another could 
be effected. With the stroboscopic disk spinning, 
two systems at a time were compared by watching 
the stroboscopic effect while the systems were alter- 
nately turned on and off. In this way, by succes- 
sive comparisons, individual systems could be ar- 
ranged in their order of stroboscopic effect. 

No quantitative data could be obtained by this 
method, except very rough estimates, but qualita- 
tively the systems were arranged in the same order 
as indicated by the flicker indexes calculated from 
the oscilloscope traces, (Table I). 


Conclusions 


It would seem that the proposed flicker index 
would have particular value in the study of phos- 
phors and also in the study of various circuit and 
ballast designs. It is a simple formula easy to 
apply and appears to fulfill the principal require- 
ments of such a formula. 

Flicker from fluorescent lamps appears to be of 
only academic interest for the great majority of 
lighting applications since the human eye cannot 
detect 120-cycle flicker. While the 60-cycle flicker 
at the extreme ends of the lamp can be detected 
with averted vision, the normal shielding of most 
fixtures eliminates this factor from consideration. 

Stroboscopic effect is difficult to evaluate since 
each installation introduces variables such as type 
of motion and speed of moving parts. Warm white 
lamps operated on the 40-watt split-phase preheat 
ballast, Fig 2 (B-1), produce the least stroboscopic 
effect on single phase power systems. However, in 
the great majority of installations, stroboscopic 
effect causes no difficulty even with the sequence- 
start series ballasts. In the few critical installa- 
tions, the choice of ballasts need not be limited 
since fixtures can be operated alternately on three 
phase power with maximum correction. 
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consisting of alternating bigh and low maxima This sort 
f wave form could undergo gradual transformation to a 
form in whieh the alternating maxima are of equal height 
This n effeet, the frequency of cycles would become 
One can conceive of such a transformation in 

whieh the flicker index remains constant. It sb d not bh 
claimed for the index that one ean always predict the effect 
mn thy eye from the flicker index. A eritieal test for the 
ndex could be found in attempting to evaluate the flicker 
st a point a short distance from the center of a two tube 
nstallation, with the maxima for the two tubes completely 
ut of phase 

The wave forms in Fig. 5 have no secondary maxima or 
minima and it ean probably be concluded that a high 
correlation would exist between the flicker index and visi 
bility of flicker for wave forms of this category. However. 
sve forms with secondary maxima and minima are actu 
encountered in fluorescent lighting 

The use of a visual method of evaluating the flicker index 
in different types of fluorescent installations has not been 
pre ed and inasmuch as the wave form of a light output 
has to be measured to assign a numerical value to the 
index, the question might be raised whether a specification 
of the index ought to be supplemented by a diagram of the 
wave form. Visual inspection of the wave form to deter 
mine the presence of secondary maxima and minima would 
help one decide whether the index could be used in predict 


ing the visibility of the flicker 


Exnst Simonson* The study by Messrs. Eastman and 
Campbell was undertaken mainly for a practical purpose, 
but has also interesting theoretical aspects, It is coneerned 
with the effect of the light:dark ratio on the flicker fusion 
frequenes fff The light:dark ratio is one of the 
fundamental variables of the f.f.f., but comparatively few 
thorough studies have been reported in view of the tremen 
dows literature on brightness and area effects. So far, the 
ght:dark ratio was varied using reetangular or nearly 
rectangular wave forms. The authors approach the problem 
from ‘ by variation of the wave form. Although 
no investigations of different wave forms at the same 
brightness were made, it ean be implied from Figure 7 that 
marked effeets on the f.f.f. would result. In general, the 
sults seem the hypothesis that the f.f.f. is 
etermined bw ¢ refractory period of the visual elements 
ire in agreement with reeent investigations by Dr 
Winchell and myself in press in the Journ, of Appl 
Phusioloay \ «vstematic investigation of the effect of the 
swe form on the f.f.f at various levels of brightness will 
be important for the theory of the f.f.f as well as its appli 
ation for the measurement of visual fatigue, and it is 
hoped that the it will extend their research in’ this 


M. STRONG In the early 1940's when fluorescent 
lamps were very new the questions which the authors discuss 
here interested me and I devised a simple means for getting 
oseillograms similar to these of the paper Lacking other 
than very ordinary audio amplifiers, the problem of getting 
the variation in light with respect to true zero was solved 
by interposing between photo cell and light source a toothed 


disk: this acted as a ‘‘chopper’’ and provided a carrier 


frequency of about 2000 eyeles which the amplifier could 
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Figure 1 (discussion). Oscillogram of a 15-watt Daylight 
lamp (1930) taken by Prof. E. M. Strong. 


handle The authors accomplish the same end by ‘‘ehop 
ping’’ the photocell current electronically instead of by 
**chopping’* the light mechanically. 

The behavior of the then few phospors, of R, L and ¢ 
ballasts and tulamp ballasts, as well as comparisons with 
ineandeseent lamps having concentrated or distributed fila 
ments of different thermal mass were investigated. These 
were reported in an AIEEE Student Branch paper, by one 
of my students who extended the first study with this equip 
ment, but not otherwise published 

I agree that at 60 eveles the cyclic flicker seldom is 
troublesome simply as flicker; it is the stroboscopic effeet 
which creates trouble. Consequently it seems not especially 
useful to argue whether or not the authors’ concept of 
** flicker factor’’ may be valid, even though I feel dubious 
about it beyond the tests they explored. 

It is important that a useful measure of the stroboscopic 
feature be devised and I believe this is more feasible by 
some kind of visibility test than by mathematical process 
Perhaps this might be set up using a white disk driven by a 
self synchronous motor so that a number of differently 
oriented black test objects such as the parallel bars pop 
with the authors or the international Landolt ring, 
equidistant from the center of the disk could be viewed by 
an observer. Visibility readings on one of the test objects 
taken with the disk illuminated by the light source to be 
rated, would then be obtained, first with the disk rotating 
synchronously and then at standstill. The ratio of these 
readings would provide a ‘‘strobe faetor’’ ranging from 
unity for an ideal stroboscopic source (like a Strobotae) te 
zero for a steady de light This at least provides a readily 
measured and understood quantity; one direetly related to 


that aspect of lamp flicker which is most of concern to us 


James H. Metvitoen’: Se much propaganda has been 
cireulated concerning this subject as applied to various 
ballast cirenits that the faetual studies reported in this 
paper are deserving of much more than the usual polite 
‘*eongratulations to the authors."* 

Their proposed ‘* Flicker Index’’ makes available, for the 
first time, a seemingly reliable method of numerical. com 
parison of various sources, and seems to permit the prick 
ing of many of the above mentioned propaganda bubbles 

It is to be hoped that this new tool may be used further, 


Consulting Engineer, Shippensburg 


Janvary 1952 


Flicker Effects from Fluorescent Lamps 


in settling beyond the reasonable shadow of a doubt the 
question of the influence of relative amounts of flicker on 
the human eye when it is not fixedly staring at a laboratory 
flieker device. Eye movements during reading may or may 
net produce a stroboscopic like impression under illamina 
tion having a high flicker index. The work of these authors 
makes it possible to open quantitative studies of the sub 
ject 

The Benham's Top effect, noticeable under some fluores 
cent light, but net under other, would make an interesting 
research problem, now that flicker index permits control of 
one of the variables. It is not inconceivabl that our 
subjective knowledge of color might be inereased thereby 

This writer disagrees with the opinion several times ex 
pressed in Washington to the effect that ‘‘at last strobe 
and flicker effeets have been laid to rest,’’ but believes, 
stead, that ‘‘at last strobe and flicker effects are opened 
up for real study in which result~ can be given in numbers 


instead of in rumors.’ 


A. EastTMan and Joun H. Phe 
authors wish to thank those persons whe have expressed 
their interest in this paper by preparing discussions. They 
have pointed out certain difficulties and limitations of which 
we were not unaware, and have offered helpful criticism. 

It is encouraging to note from Mr. Beggs’ discussion that 
others in the industry have studied the problem and have 
some to the conclusion that flicker and stroboscopic effects 
are often overemphasized. Also, we are pleased that our 
work coincides so closely with that mentioned by Mr. Beggs 

We agree with Dr. Fry that the wave form would change 
from the center of a lamp to the end, and that the effective 
frequeney would also change because of the changing sec 
ondary maxima and minima. However, since we are pri 
marily interested in the maximum effect of the flicker, the 
wave form at the end of the lamp should be the one to 
which the rating is applied when direct flicker is observed 

When the stroboscopic effect is to be considered, the 
overall wave forms as shown in Fig. 2 are of greater im 
portance. We reeognize that the flicker index does not take 
into account changes in frequency. When different lamps 
md cireuits are compared they should be compared at the 
same frequency 

Dr. Simonson suggests that investigations should be 
earried out with various brightnesses. We would like very 
much to earry on further research into the fundamental 
relationships between wave form, brightness and frequeney 
It would be an interesting project, but we are unable to 
take the time at present 

We believe Professor Strong's suggestion for evaluating 
the stroboscopic effect has a great deal of merit Again, 
lack of time prevents us from pursuing the investigation. 
We believe any results obtained by his proposed method 
would correlate nieely with our proposed index. 

Mr. MeCulloch will see from this diseussion that the pro 
posed flicker index is not the whole answer to the problem 
of flicker and stroboscopic effects. We do feel though, that 
the flicker index has a practieal value in comparing lamps 
snd cireuits as we have shown. Its value could be increased 
by further research whieh has been suggested. There are 
many misconceptions regarding the relative merits of vari 
ous cirenits and ballasts as so aptly pointed out in Mr 
MeCulloch's discussion. One of the aims of this paper is to 
allay some of the confusion and encourage freedom of 


cireuit selection from the standpoint of lamp flicker 
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Lighting a Specialty Shop 


A.LA File No 31/ 


LIGHTING OBJECTIVE: To illuminate a small store attractively and uniquely for the neighborhood. 


Installation at the Nora Day Shop, Inc., 230 East Capitol Street, Jackson, Mississippi. 


General Information: This area measures 44 x tion after 4000 hours operation measured 40 foot- 
19 3° x 1S. Surface characteristics are as follows: candles. R-40 retleetor floodlamps mounted above 


the louvers over the display cases provide an 


Ceiling luminum lou 65% RF . 

additional 100 footeandles on the counters. Four 
Floor eh aoe 10% RF spot lights are suspended below the ceiling for 
Display cases blend wood 60% RF illuminating the manikins. Show eases are illumi- 


nated by deluxe warm white lamps 


Installation: Sixty 40-watt standard warm white 
: Sidewall brightness is about 25 footlamberts; 
fluorescent lamps (Garey 8000-48-11 strip) are 


ceiling, 8 footlamberts. 

foe 7 Lighting designed by A. H. Walters, Mississippi Power 
louvers (Kawneer Alumigrid The louver bot- and Light Company; installed by W. R. Crockett, Power 
toms are 10° 6° above the floor. General illumina Electrie Company. 


mounted 2', feet apart above a grid of aluminum 


ste tted A Walters, Mississippi Power and Light Company, Jackson 
Viasies as at stration of good lighting pract ce and to aid in the design of similar installations 


Published by the Committee on Publications of the Mluminating Bngineering Society 
1860 Broadway, New York 23, NW. Y. 
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Noise in Gaseous Discharge Lamps 


OURCES of radio and television interference 

generally fail into one of two classes: oscilla 

tors and gaseous discharges. Oscillator-type 
sources include diathermy machines, television re- 
ceivers themselves, and an occasional incandescent 
lamp which produces interference at television fre- 
quencies due to resonance in the filament strue- 
ture.’ Gaseous discharge noise sources comprise 
two groups: (1) the disruptive spark discharge, 
such as atmospheric lightning and sparks in the 
commutators of electric motors; and (2) the sus- 
tained discharge, as found in neon signs and fluo 
rescent lamps. 

Fluorescent lamps as noise sources are of special 
interest to the illuminating engineer because of 
their frequent use near radios and because of the 
possibility of controlling their radiation, to the re- 
ceiver. Radiation from the electrical wiring of the 
lamp can be effectively eliminated by well known 
methods.*:* Noise radiation from the fluorescent 
tube itself cannot be prevented so easily, since the 
ionized gas acts as a transmitting antenna. Nu- 
merous investigators have looked into the question 
of noise generation in various gaseous discharge 


By }. WARREN CULP 


This paper describes an investigation of the 
noise behavior of fluorescent lamps. It is 
intended to cover several types of noise com- 
monly encountered in the hot-cathode lamp 
with regard to the characteristics of noise 
and the associated phenomena in the dis- 
charge. Noise generation is interpreted in 
terms of changes in the space-charge distri- 
bution. 


devices,* but not much has been published about 
noise in alternating-current discharges and specifi 
cally in fluorescent lamps. This paper is intended 
as a progress report on a study of the fundamental 
mechanisms of noise generation in fluorescent 
lamps. 

The first part of the paper will deal mostly with 
observations, and the second part will consider 
interpretations of the phenomena with regard to 
noise. The term “noise” is to be used in its broadest 
sense, implying radio interference, audible noise 
from a loudspeaker, and transients in oscillograms, 


as the occasion arises. 


Part Il. Noise Manifestations 


Let us consider several of the common types of 
noise which are generated by fluorescent lamps, 
paying attention mainly to the ways in which the 
noise manifests itself and to the characteristics of 
the discharge which seem to be associated with 
noise production. A brief examination of the 
equipment and its uses will serve as an introdue- 
tion to these phenomena. 


Apparatus and Applications 


Most of the observations were made with 20- 
watt T12 lamps which were standard except for 
the omission of phosphor coating. These lamps 
have oxide-coated coiled-coil filaments and contain 
argon at 3 mm pressure saturated with mercury 
vapor. Power-line voltage at 60 eps was adjustable 
with a variable autotransformer, and a series resis- 
tor of about 150 ohms limited the lamp current, 


A paper presented at the National Technical Conference of the 
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D.C. Author: Sylvania Electric Products Inc., Physics Laboratories 
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usually to 350 milliamperes. A resistive ballast was 
chosen instead of an inductive ballast for the sake 
of flexibility in the circuitry. A tuned communica- 
tions receiver was sometimes useful in detecting 
the noise at radio frequencies, and could also be 
used for a rough determination of the frequency 
spectrum of such noise. Another useful receiver 
was one which was sensitive to all frequencies be- 
tween a few hundred eps and 2 Me/see. The output 
of this receiver was thus a composite picture of all 
noise within its range and was displayed on the 
sereen of a cathode ray oscilloscope. Fig. 1 shows 
the trace produced by a fluorescent lamp near the 


Figure 1. Noise oscillogram for one cycle of a fluorescent 
lamp. 
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Figure 


b Com 


2. Oscillograms showing fluorescent lamp parame 
ters as functions of time 
a. Waveform of voltage across the lamp 
»posite trace produced by adding an amplified noise 
signal to the voltage signal 


ce Waveform of current through the lamp (signa) repre 


sents ih drop across the series resistor) 


4d Composite trace of noise signal added to the current 


signal 


recenver antenna. Two forms of noise are visible 


sive le 


of low Trequenes prtilses and a pulse of 
nome occurring at various locations in the 
Sinee the photograph shows an overlaying 


eral dozen scope traces representing sucees 


eveles, it ts evident that the lamp goes 


through essentially the same noise ritual on each 


vele 


Figure 
strobos 


cycle 


with almost exaet duplication in the case of 


| The lamp as seen through the rotating-disk 
cope at a number of points throughout a complete 
The right hand filament acts as cathode in 1 to 6 
and the left hand one in 7 to 12 
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the low-frequency pulses. A radio receiver tuned 
to a frequency in the broadcast band responds 
hiefly to the grassy pulses. Each pulse causes a 
thump in the loudspeaker, and the overall effect is 
that of a buzz with a 120-eps fundamental fre 
quenes 
In Figs. Za and Ze the total waveforms of voltage 
across the lamp and current through the lamp are 
plotted. If the signal which produces 2a is mixed 
with the output of the receiver used to detect the 
radiated noise, the trace shown in Fig. 2b is ob- 
tained. The composite waveform for current which 
is shown in Fig. 2d is obtained in a similar manner. 
It should be noted that the low-frequency noise 
pulses have been electrically filtered out of the 
noise signal. Noise starts shortly after the zero 
pomt of the eyele and ceases generally before the 
breakdown” peak in the voltage curve. On the 
urrent curve, the noise occupies the low plateau 
at the start of the evele. A small pulse can also be 
seen at the end of the half-cyele 
A direct-viewing stroboscope is valuable in study- 
ing the periodic changes that take place in the dis- 
charge tube itself, and in relating these to the 
oscillographic observations. Two types of strobe 
scope have been used. One is a rotating disk which 
has thin slots eut in the radial direction and is 
positioned between the lamp and the observer. If 
two slots are used and the disk is driven by an 1S00- 
rpm motor, one slot passes before the eye each 60th 
second. When a glowing lamp which is dimming 
and brightening at a 60-eps rate is viewed through 
the rotating disk, stopped motion results. The ap- 
paratus is so constructed that the discharge may be 
“stopped” at any chosen point in the evele. Photo 
graphs of an uncoated lamp as seen through the 
disk are shown in Fig. 3 for a number of points 
throughout the evele. The slit of the disk moves 
vertically across the field of view in each case. These 
photographs are time exposures, or really multiple 
exposures of the same view, as repeated many times 
over suecessive lamp eveles. Here is another tllus- 
tration that the lamp does almost exactly the same 
thing every time a given point in the evele is 
reached 
A second type of stroboscope utilizes a rotating 
mirror and gives the effeet of holding a narrow dis- 
charge tube with its axis vertical, and moving the 
tube horizontally at a very high speed. The image 
one sees is similar to a picture made up of a series 
of rotating-disk photographs placed side by side 
Exceedingly high time-resolution can be achieved 
with the rotating mirror by masking the discharge 
tube so that only a thin longitudinal sliver of it is 
in sight. A photograph of the lamp as seen with 
the rotating mirror is shown in Fig. 4. The width 
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of the picture represents a time lapse of 0.002 see- 
ond, or one-eigthth of a single lamp cycle. Begin- 
ning at the bottom, one clearly distinguishes the 
bright glow about the cathode, above it the Fara 
day dark space, then the positive column with 
typical striations (horizontal streaks) moving to 
ward the cathode, and finally the bright, pulsating 
anode glow at the top. Toward the right the stria 
tions are washing out; the rest of the half-eyele 
appears much the same, without horizontal stria 
tions. 

It is sometimes convenient to observe some 
parameter such as lamp voltage at the same time 
one views the “stopped” discharge. Proper location 
of an oscilloscope makes this a simple matter. A 
rotating-mirror photograph of the anode end of a 
lamp is presented in Fig. 5, with an expanded 
oscillogram of lamp voltage above. The mirror pro 
vides a time base or sweep for the oscilloscope, and 
phase and synchronism are achieved automatically 
The fluctuations in the oscillogram correspond to 


the sawteeth atop the voltage curve of Fig. 2 


Noise Types 

With these phenomena in mind, we are ready 
to assign names to the several types of noise and 
discuss them individually. The grassy pulse at the 
beginning of the lamp eyele will be called reign: 
fron noise, because it occurs when the are begins to 
rebuild after current reversal. A second type of 


nowe, which has not been mentioned. is hollow 


cathode 


low-frequency pulses in the 


noise. It has already been noted that the 
middle of the half 
eyele bear a relation to the anode glow, and these 
pulses will be called anode noise. Finally, the noise 
which is generated during operation of the lamp 
starting circuit, although perhaps a combination 
of the above types, will be dealt with separately 
under the name starting noise 


Reignition Noise 


The most interesting type of noise, from a prae 
tical, as well as a technical point of view, is the re 
ignition type that comes in a pulse at the beginning 
of each half-cycle. There are two reasons for this 
First, the reignition noise in hot-cathode lamps is 
usually louder than other types when heard in a 
radio loudspeaker and is thus more conspicuous 
Second, the mechanism which accounts for reigni- 
tion noise is not easily observed or explained, so 
that a great deal of information must be gained 
during the course of its study. 

A crude frequency spectrum analysis may be 
made by tuning a receiver over the range from 540 
ke ‘see to 31 Me /see and judging the relative loud- 
ness of noise coming from the speaker. Such a 
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Figure 4. ‘ihe lamp as seen with the rotating-mirror 

stroboscope over a period of 2 milliseconds at the begin- 

ning of a cycle. The lamp is in a vertical position, and 

the cathode is at the bottom during the time shown. Time 
increases toward the right. 


check shows that the reignition noise is chiefly con 
centrated in the range below 2 Me ‘see and possibly 
is loudest around 1 Me, directly in the middle of 
the broadeast band. Other than this there are no 
particular prominences or valleys in the speetrum 
When account is taken of the seeming randomness 
of radio-frequeney noise within each pulse in the 


osetllogram of Fig 4 a conelusion would be that 


Figure 5. Rotating-mirror view of the lamp near the 

middle of a half-cycle, showing the pulsating anode glow. 

The cathode is below, off the picture. At top is an oscillo- 

gram of lamp voltage. Elapsed time is one millisecond. 
Time increases toward the right. 
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the reignition nome consists of either a random 
series of rapid pulses or a frequency-modulated 
oscillation. In the latter case, the frequency of the 
oscillatory wave must sweep across the entire 
broadcast band of a receiver, so that no matter to 
what frequency the receiver is tuned, its circuit 
will respond to the noise. Furthermore, this broad 
sweep must be accomplished during the life of each 
single reignition pulse of noise to give the observed 
overall effect of a 120-cycle buzz 

There is evidence in favor of a conclusion that 
the reignition noise is simply an oscillating wave 
whose frequency changes sporadically throughout 
the duration of the pulse. By means of a special 
cireuit, a lamp operating qn direct current was put 
into a condition closely resembling that of the a-c 
operated lamp in the noisy portion of its cycle. In 
this experiment, the d-e lamp did indeed produce 
noise, which was confined to rather narrow fre 
queney bands. A slight increase in discharge cur 
rent caused an increase in the frequency. It was 
suspected that the frequency would have had a line 
spectrum instead of a band spectrum were it not 
for a minute fluctuation in the current, which 
seemed to be causing a modulation or spread of the 
frequency. 

Obviously, a direct approach to this ptoblem is 
to take the noise oscillogram of Fig. 1 and blow it 
up to such an extent that the individual pulses of 
the radio-frequency wave can be viewed. This was 
done with the aid of a cireuic which turned on the 
cathode ray beam for a period of 250 microseconds 
at any chosen point in the lamp eyele. Any noise 
appearing in the signal during that period was 
spread across the face of the cathode ray tube. The 
vonfusion usually resulting from the overlapping 
of successive traces of the beam was eliminated by 
switching the beam on only once in every ten lamp 
yeles. Thus six pictures per second flashed on the 
sereen, and the characteristics of any one of them 
could be distinguished. In practice, the duration 
of the sweep was 50 microseconds, so that the beam 
made five sweeps during the “on” period. These 
five traces were caused to appear one above the 
other by using a vertical as well as a horizontal 
scan. Sinee the purpose of this work is to find the 
mechanism of noise generation in the lamp, the 
noise which is present but invisible in the voltage 
and current traces of Figs. 2a and 2e is of much 
greater interest than the radiated noise picked up 
by a receiver. The oscillograms in Fig. 6 are the 
result of applying this technique to the signal rep 
resenting current through the lamp. Each photo 
graph shows a small portion of the whole reignition 
noise pulse; one was taken near the beginning of 
the pulse, and the other shows the abrupt end of 
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Figure 6. Expanded oscillograms of current through the 

lamp, showing reignition noise in the current signal just 

after the beginning of a cycle. Time increases toward 
the right, with a slower scan from bottom to top. 


the pulse. While these photographs leave some 
doubt as to whether the noise may be described as 
a frequency-modulated oscillation, they certainly 
prove that the noise is not always random. Mea- 
surements from the oscillograms indicate that the 
fundamental frequency is in the neighborhood of 
“00 ke ‘see, well below the broadcast band. One is 
therefore led to believe that the tuned receiver 
responds to higher harmonics of the fundamental 
noe frequency 

Before any use can be made of information about 
the nature of reignition noise, the source of noise 
in the lamp must be located. An attempt to find 
it with an exploring antenna or coil is not too fruit- 
ful, because noise generated at one place in the 
lamp is radiated by the whole discharge acting as a 
transmitting antenna. However, this experiment 
does tend to localize the source of any given noise 
pulse at the filament which acts as cathode at the 
time the pulse is emitted. A magnet held near one 
filament causes some changes in the noise pulse 
radiated when that filament is cathode, while the 
noise on the other half-cycle is unaffected. An 
auxiliary heating current through one filament 
gives a similar effect. In fact, on occasion the noise 
is almost completely quenched by these methods. 
Unfortunately the experiment is seldom repro- 
ducible at will. A more conclusive demonstration 
of the source of noise can be made by constructing 
a short lamp with only an inch between the two 
filaments. The discharge then consists of the usual 
cathode and anode structures but has no positive 
column. There is no essential difference between 
oscillograms of noise from the short lamp and noise 
from a standard lamp. Since the other experiments 
showed that the anode plays no part in generating 
reignition noise, it is concluded that the cathode is 
the true source of noise. Moreover, it has been seen 
that the noisy period oceurs during the building 
up of the discharge at the beginning of the cycle. 
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Some views of the discharge at different points 
in the lamp cycle were shown in Fig. 3. A more 
intensive examination of the discharge at the begin- 
ning of the cycle throws some light on the mecha- 
nisms which are in operation and which might be 
associated with reignition noise. In Fig. 7 are 
shown twelve closely spaced steps in the process of 
extinction of the discharge at the end of a cycle 
and rebuilding of the structure as current begins 
to flow in the opposite direction. There is a brief 
time during which none of the typical parts of a 
discharge is present. This is the afterglow period, 
and the faint light which fills the tube is yellowish 
and not the usual blue of a mercury-argon dis- 
charge. There is some evidence that the light of 
the afterglow consists of the ordinary mercury 
spectrum with intensification of the yellow 5769, 
5790A lines. Such an effect might be accounted 
for by two-body collisions between metastable mer- 
eury atoms, from which one atom emerges with all 
the internal energy. This is just the right amount 
of energy to result in the emission of the yellow 


lines. Following the afterglow period, the blue 


cathode glow fades in. A dark space is clearly dis- 
cernible between the glow and the incandescent 
filament. The cathode glow becomes more intense 
and finally moves in and surrounds the filament. 
Meanwhile the afterglow fades out, and a columnar 
glow makes an appearance along the axis of the 
tube. Finally a portion of the column extinguishes 


and leaves in its place the Faraday dark space. 


Figure 7. The lamp as seen through the rotating disk at 
severa! successive points in a small portion of the cycle. 
In 1 and 2, the cathode glow (right) is extinguishing. 
Note the afterglow in 3, followed by the appearance of a 
new cathode glow in 4 (left) as the current reverses. 
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Figure 8. Rotating-mirror view of the lamp at the be- 

ginning of a cycle. The anode is below, off the picture. 

Only the newly forming cathode glow is visible (center). 

At the top is an oscillogram of reignition hoise. Time 
increases toward the right. 


Several other dark spaces form in the column head 
and make the striations which were seen in Fig. 4. 
Discrepancies between the rotating-disk photo- 
graphs of Fig. 7 and the rotating-mirror photo- 
graph of Fig. 4 are the result of longer exposure 
times for the former. 

It is important to note that the reignition noise 
pulse begins at the same time the cathode glow is 
approaching and joining the filament. This is 
shown in Fig. 8. The very fine streak across the 
center of the picture is the incandescent filament as 
seen in the rotating mirror. Halfway across, the 
cathode glow appears and quickly becomes attached 
to the front of the filament. (The apparent fading 
of the glow at the extreme right is due to the optical 
arrangement.) The noise oscillogram at the top 
was made by the method used in Fig. 5. It shows a 
broadening, which represents the beginning of the 
reignition noise pulse, at the same time the cathode 
glow forms. 


Hollow-Cathode Noise 


One type of noise which appears in many cases 
is known as hollow-cathode noise. It is more likely 
to oceur in aged lamps, although new lamps some- 
times show it. This noise results from the forma- 
tion of the cathode spot at a point on the coiled- 
coil filament where some of the oxide coating has 


Culp 41 


‘ 
a 
i: 
. | 
3 
4 
8 
i 
| 
4 
be 


ing hollow-cathode noise in the current signal. Time in- 

creases toward the right, with a slower scan from bottom 
to top 


2 xpanded oscillograms of lamp current, show- 


burned away and left a tiny hollowed-out cavity in 
the minor helix. When that happens, a noise oscillo 
rram similar to Fig. 1 shows one or more pulses of 
radio-frequency noise located almost anywhere in 


the evel The pulses, unlike those of reiwnition 


noise, are smooth in appearance; there is nothing 


random in their nature exeepting possibly their 
location in the evele. The oscillograms in Fig. 9 
are attributed to hollow-cathode notwe, One photo 
graph shows a continuation of the trace in the 
ther. T frequeney, as determined from these 
from 75 to 300 
Hollow 


causes a pro 


photographs changed smoothly 
over a period of 350 microseconds 
athode nome, lke reignition nope 
nouneed buzz in the loudspeaker of a tuned re 
The cathode sport of the discharge ean be studied 
by means of a mieroscope conjunetion with the 

When hollow cathorl 


at a certain time in the eyele a 


rotating disk str 
heise ms present 
tiny glow appears suddenly inside the hollow of the 


minor helix. A millisecond or so later it disappears 


just as suddenly. Other than this, there is no ob 
served peenliarits of the diseharwe assoc iated with 
this type of motse Sometimes two separate pulses 


are found in the noise oscillogram, and it is: be 


liewed that one of them comes with the appearance 


and one with the disappearance, of the glow 
It is interesting to note that hollow-cathode noise 
ean also be produced by operating one of the lamps 


When the 


filament has a hollow place and the cathode spot of 


on direet current minor helix of the 
the are forms next to that point, a slow Inerease in 
the lamp current to a certain value results in the 
sudden formation of a glow inside the helix cavity 
Simultaneously there is a pop in the receiver, and 
If the 


current is then decreased, the original state of the 


the lamp voltage drops by a small amount 


are is suddenly resumed at a slightly lower current, 
to the accompaniment of another pop. The current 
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can be made to increase and decrease at a 60-cps 
rate, and the cathode spot follows the same proce- 
dure at this rate. The noise, of course, then sounds 


like a buzz 
Anode Noise 


The noise which is associated with the anode 
glow is so low in frequeney that it has negligible 
effect on a standard tuned receiver. The output of 
Fig. 1) shows that the low- 
frequeney noise pulses have a repetition rate of 500 
It can be 


a wideband receiver 


to several thousand cycles per second. 
seen from Fig. 10 that when the noise signal is 
added to the curve representing voltage across the 
lamp, each anode pulse matches one of the teeth on 
the voltage curve. The rotating mirror photograph 
of Fig. 5 shows, in turn, that the teeth on the volt- 
age curve match the visible pulsations in the anode 
vlow of the discharge. In addition, a magnet held 
near one filament has a pronounced effect on both 
the noise pulses and the voltage teeth which are 
present on the half-eyele when that filament is 
anode. Usually a magnet causes the pulses to shift 
their position in the eyele and increase in number, 
although sometimes they completely disappear as 
the magnet approaches the tube. These observa- 
tions leave no doubt that the anode noise is indeed 
generated in the anode region of the discharge 

The low-frequency noise which anode pulsations 
introduce into the electrical cireuit by way of the 
lamp current is visible in the left-hand current 
curve of Fig. 2. The teeth atop the current curve 
are simply an inversion of the teeth on the voltage 
curve, which are shown magnified in Fig. 5, since 
the current is directly proportional to the differ- 
ence between the smooth supply voltage and the 
toothed lamp voltage when a resistive ballast is 
used 

Much attention has been given by a number of 


investigators to the pulsations which occur at the 


biguse amp voitage osciliogram with noise signal 
added, showing the anode pulses. 
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anode and affect the entire discharge." * In Figs 
4 and 5 it is clear that the whole positive column 
changes its light output periodically with the flash 
ing anode glow, as indicated by the vertical stripes 
This effect is to be expected, because the light out 
put is governed by the current, which fluctuates 
along with the anode glow. The voltage oseillogram 
in Fig. 5, which is identical to an inverted etirrent 
oscillogram, might easily be mistaken for en in 
verted light intensity curve when it is compared 
with the light from the discharge shown below it 
There is no evidence here in favor of one current 
theory that the vertical bars represent striations 
moving at phenomenally high speed from cathode 


to anode 


Starting Noise 


When the starting circuit of a lamp ts in opera- 
tion, an are “orms in shunt across the filament 
Although the filament-shunting are is not a self- 
sustained one, since its cathode is heated by ex- 
ternal means, still it has the necessary character 
istics for the generation of noise. Osecillograms 
show that the starting noise resembles reignition 
noise of the ordinary arc. Noise of the anode type 
is probably also present, since a stroboscope shows 
that a pulsating anode glow exists. In view of the 
fact that the starting noise has the same causes 
and characteristics as other types of noise, further 


study would not be profitable. 


Part Il. Noise Origin 


It should now be possible to discuss some of the 
fundamental processes in the discharge that recur 
on each eyele and have to do with the generation 
of noise. It has been shown that the anode and 
cathode regions alone are involved with a few 
common types of noise. The noise was observed 
and the discharge was observed. There remains 
the necessity of tying the two types of observa 
tions together. First, the problem will be viewed 
in terms of the electromagnetic theory of radia 
tion, and next the noisy d-e glow-to-are transition 
will be considered to see what bearing it has upon 
noise in a-c fluorescent lamps. 


Theory 
Some understanding of the mechanisms in the 
discharge which give rise to noise radiation can 
be gained from a brief examination of Maxwell's 
wave equation, 
1 2 


+ 


=4& 


where E is the electric field, i the current density 
2 the space-charge density, and ¢ the velocity of 
light. In the case of the fluorescent lamp, it is 
difficult to set up suitable boundary conditions for 
the solution of this equation, since very little is 
known about current and space-charge densities in 
the alternating-current are discharge. This does 
not imply that the wave equation is useless, how- 
ever. 

Since noise at radio frequencies is observed, the 
fluorescent lamp must radiate electromagnetic 
energy at these frequencies. This means that there 
is an electric field E that varies in time. Maxwell's 
equation shows that such a variation in E can arise 
from a time-varying space-charge density. This 
implies. of course, a current-density variation since 
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current and space-charge are related by the equa 
tion of conservation of charge. However, at radio 
frequencies, the term in which ¢ appears is small 
compared to the term involving ¢. 

Thus any phenomenon involving rapid changes 
in the space-charge distribution will generate nois« 
Such a change is demonstrated in two dimensions 
in the model shown in Fig. 11. A change of this 


TIME 


Y 
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Figure 11. Model of space-charge density » as plotted 
over an area XY at two different times. 
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type occurs at the cathode in the glow-are transi 


tion, as will now be shown 


s well known that if a tube is operated with 
a glow discharge on direct current, and the cur- 
rent us gradually inereased, the negative glow will 
spread over a larger and larger area of the cathode 
until the whole cathode is covered, and local heat- 
ing will oeeur. If the resistive ballast in the circuit 

not large, further increase of current results in 
a sudden concentration of the cathode glow about 
a single hot spot. A simultaneous collapse of tube 

tage is noted, perhaps from 200 volts down to 50 

t The new state of the discharge is, of course 
the ar At the time of the almost instantaneous 
tion from glow to are, a receiver registers a 


harp noise pop. It would be well to consider the 


mechanism underlying this noise before advancing 
to the less accessible circumstances of reignition 


An attempt to plot usable voltage or space-charge 
distributions would, at present, be largely specula 
tive Fortunately, the only question that must be 
answered is whether the space-charge distribution 

ikes a rapid change during the glow-are transi- 
thor Obviously it does, for the ion sheath that 
rrounds the whole eathode in the glow must con- 
tract quickly to center about the hot spot More- 


over, the current density changes from a low value, 


when it is spread uniformly over the cathode, to a 
fivure probably hundreds of times as great at the 
hot spot. These changes are believed to be sufficient 
to a int for the noise 

Actually the foregoing discussion is somewhat 
superficial. With a small resistance as ballast in 
the lamp cireuit, there is certain to be a large 
change in total current during the transition, be 
ause of the diagonal load line on the voltage 
current characteristic. This difficulty was overcome 
by operating the direct-current discharge in a cir 
cenit which rigidly regulated the lamp current. The 
value of this current could be adjusted with a 
potentiometer, and the load line was essentially 
vertical (ie, a change in lamp voltage did not af 
fect the current With this cireuit, the transition 
is found to be reversible, although the are-to-glow 
transition occurs at a lower value of current than 
the glow-to-are transition. A typical characteristic 
which would appear on an os lloscope sereen 18 
shown in Fig 12; the tube in this case was an § 


watt TS germicidal lamp. It is seen that the transi 


tion is accomplished so rapidly that a portion of the 
characterist s invisible. Even so, it was necessary 
to turn up the current control rapidly to produce 
noise in a tuned receiver. An examination of the 
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Figure 12. Voltage-current characteristic for a lamp 
operated on regulated direct current. 


harge shows why this is true 

The fast transition through the invisible portion 
of the characteristic alone does not end in the 
formation of a hot spot on the cathode, but results 
only in a hollow-eathode glow inside the major 
helix of the filament. This is a more economical 
form of negative glow and thus the glow discharge 
can operate at a lower voltage. The are hot spot is 
formed during the vertical trace which is shown at 
the right in Fig. 12. In this case, it forms rather 
slowly and hence noiselessly. Rapid formation of 
the hot spot gives a noise pulse for reasons which 
have been outlined. 


Reignition in the Alternating-Current Arc 


The noisy glow-are transition is a convenient 
starting point from which an explanation of re- 
ignition noise may be developed. First some basic 
similarities and differences in the two types of 
discharge must be outlined. The d-c discharge is 
strictly self-maintaining: the cathode is hot at 
any given time because the discharge has been 
heating it for the past several seconds, and since 
ions are bombarding it, it will continue to be hot. 
At the time of reignition in the a-e are, on the 
other hand, the cathode is hot by virtue of its 
retention of heat from the previous cycle; the dis- 
charge at this time is too weak to contribute any 
appreciable energy to heating of the cathode 
Something similar may be said of space-charge 
The maintenance of a favorable space charge dis- 
tribution in the d-e discharge is a continuous 
process of depletion and replenishment, and the 
glow-are transition merely calls for conversion to 
a different mechanism for the maintenance of 
space charge in a new distribution. The a-e dis- 
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charge, however, inherits very little space charge 
from the previous cycle. Almost the only thing 
that characterizes the space in the gas just before 
reignition is that it is filled with metastable mer- 
eury atoms, as shown in the discussion of the 
afterglow. Metastable atoms are easier to ionize 
than unexcited atoms, and they probably play an 
important role in reignition. It is clear then that 
there is no such thing as a glow discharge in the 
reignition phase of the a-c are. 

The glow-are transition and the a-c reignition 
phenomenon have one thing in common. The 
space-charge and current-density distributions 
about the cathode are in a state of rapid altera- 
tion. This change was found to account for the 
noise pulse produced in the transition. It must 
also account for reignition noise. It would be 
valuable to know the exact nature of the change 
in space-charge distribution which gives rise to 
noise in the a-e are. Thus far, this problem has 
not been approached directly However, there is 
circumstantial evidence that gives something of 
an overall picture of the situation. It has been 
seen that a sharp-fronted glow materializes in the 
space before the cathode at the time of reignition. 
Prior to this time the emission appears to have 
been purely thermionic (there is a small but mea- 
surable current before the formation of the glow 
About the time that the glow collides with the 
eathode, the current shifts to a higher level which 
is maintained until the so-called breakdown peak 
of voltage is reached. The shift in current occurs 
with approximately 10 volts across the lamp, and 
there are indications that the cathode region alone 
supports almost the entire voltage drop. It is be 
lieved that the shift in current is caused by the 
onset of a new emission mechanism, namely emis- 
sion by ion bombardment. At this time, the noise 
begins. It may be tentatively concluded that the 
noise starts at the time an ion sheath forms in 
front of the cathode, and that the rapid building 
up of ionic space charge is the cause of noise. The 
reason for the oscillatory nature of the noise has 
not been established 


The Hollow-Cathode Discharge 


A discharge having a hollow cathode can operate 
more efficiently when a part of the negative glow 
forms inside the cavity. A necessary condition for 
this glow structure is that the cathode dark space 
must be thin enough to leave room for a certain 
amount of glow; otherwise the whole cavity must 
be filled with dark space. The exact relationship 
between dark space thickness and lamp current is 
not known. It is certainly known that the glow 
discharge has a relatively thick space, and it is 
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inferred from the hollow-cathode effect in the glow 
discharge that the thickness decreases with increas- 
ing current until it finally becomes possible to in- 
clude both dark space and glow inside the major 
helix of the filament. That process is duplicated 
in the are discharge, except that the dark space is 
much thinner, and the glow forms inside the minor 
helix because the effective cathode is confined to a 
small area. The sudden materialization of a nega- 
tive glow inside the cavity implies the sudden build- 
ing up of a positive ion sheath. Hence redistribu- 
tion of space-charge density explains the hollow- 
cathode noise in the are. The possibility of a fre- 
quency-modulated oscillation of space charge as it 
builds up or decays has not been explored, but 
some such effect may be expected to occur because 


of the nature of the noise 


The Pulsating Anode Glow 


Anode noise is easily understood on the basis 
of changes in the space-charge distribution. Ob- 
servations show that,.the anode glow starts as a 
small luminous region and spreads out rapidly, 
becoming larger and less well defined. Soon it 
disappears completely, leaving a dark space for a 
time. Then another glow appears on the anode 
and the process is repeated. It is obvious that 
changes must be going on simultaneously in the 
space charge at the anode. These changes are 
abrupt at the time of formation of each glow, and 
a noise pulse results. 

A partial explanation of the pulsating anode 
Positive ions are repelled 
The net 
space charge is negative because of the electrons 
which are flowing toward the anode. The space- 
charge distribution produces a small potential drop 
next to the electrode. The voltage drop soon be- 
comes large enough so that electrons falling through 


glow is the following 
from the anode within a small region 


it gain sufficient energy to ionize some atoms just 
outside the anode. This process is analogous to the 
formation of the negative glow and ion sheath in 
the reignition process. Since the new positive ions 
are slow in moving away, eath of them neutralizes 
many electrons and the net space charge is imme- 
diately brought back to normal. The voltage drop 
partly collapses, and no further ionization can take 
place until the new ions have drifted away from 
the anode 

In direct-current discharges, the pulsations have 
been found to disappear at higher mercury pres 
sures or at higher currents.’ The reason for this is 
probably that the ions no longer drift far enough 
away from the anode to leave a large negative 
space charge, so that the anode potential drop 
never grows large enough to cause a sudden burst 
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of vwonization. The pulsating anode glow tends to 
appear at sharp pownts or edges on the anode struc 
ture where the field m high It sometimes alter 


This fact 


uguvests that local heating or surface conditioning 


nates between two places on the anode 


play some part, although there is a possibility 


that two effect anodes on one filament are operat 


ntlv. in parallel 


Summary 


wh that nowe which originates in 
because of reignition, a hollow 


w pulsations, or the starting 


ow mav be nterpre ted as rapid changes in the 


space harwe costr ibution 


The author is indebted to Mr. Willham Hoenig 


of the special cireuits and 


who designed several 


carried out many of the experiments which have 


been deseribed in this paper 
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Truss-Mounted Reflectors Used in Field House 


This large field house, at the Lawrenceville School, 
Lawrenceville, N. J. is lighted by five bands of units, 
continuous except where interrupted by the main steel 
trusses. The play area, one end of which is shown in the 
photograph, is 134 ft 4 in wide by 313 ft 4 in long and 
40 ft high from the floor to the high point of the roof 
truss The lighting units are omitted in the end bays, so 
that each band is approximately 260 feet long. Each 
band consists of two parallel rows of open-end porcelain 
enamelled steel reflectors, without apertures, and is 
equipped with two 96-inch T.12 slimline lamps on five 
inch centers with spring holders 


The reflectors are mounted on rigid steel supports, cen- 
trally under the steel roof purlins. The reflectors in each 
band are placed tangent to the arc of the roof truss so 
that the axes of the two bands on both sides of the 
center are directed slightly toward the center. 

The illumination averages 35 to 40 footcandles in the 
main body of the play area but falls off sharply around 
the perimeter, because of the off-vertical mounting of the 
reflectors in the outer bands. There is a total of 300 
reflector units with an installed capacity of 55 kw. 


“ T Karcher and Livingstone Smith, Philadelphia 
and Hutechisor Philadelphia kA 
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Recent Progress 


In the Art of Lighting 


N REPORTING on lighting prog 
ress, one significant indication can 
be gleaned from an analysis of the 
U. S. Department of Commerce Re 
ports on the sale of electric lamps in 
the United States. The first two see- 
tions of Figure 1 present an overall 
summary of these reports, in round 
figures, showing the merease in an 
nual lamp demand over the last five 
years. In 1945, at the end of World 
War II, many of us thought we had 
arrived at some sort of peak in de 
light. Yet, last 


used about 25 per cent more lamps, 


mand for vear we 
representing 50 per cent more dollars, 
than in 1945, 

A further 


reveals 


analysis of the reports 
facts 


lamps in 


some other interesting 


Demand for fluorescent 
ereased about 115 per cent over the 
five-year period, while quantities of 
ill other lamps advanced only about 
20 per cent. In spite of the fact that 
lamp prices increased only a few per 


dollar 


lamps increased ahout 185 per cent, 


cent, volume of fluorescent 
This indicates increased purchases ot 


the larger, more efficient fluorescent 
lamp types, several of which, such as 
the 6-ineh 


dueed during the period. Today, about 


T-12 lamp, were intro 


0) per cent as many dollars’ worth of 
fluorescent lamps are sold as the dol 
lar volume of all other tvpes—dquite a 
record for a light souree only 12 years 
old. 

In the third section of Figure 1 the 
lumen-hours represented by the lamps 
sold in 1945 and 1950 have been esti- 
mated from the reports. An increase 
of about 100 per cent in the use of 
light is indieated. This is due largely 
to the inereased sales, efficiencies and 
lives of the newer light sources. By 
purchasing 25 per cent more lamps, 
costing 50 per cent more dollars, the 


A report presented at the 1951 National Tech 
nical Conference of the IDuminating Engi 
neering Society. Washington, D. C. Approved 
by the LES Council December 1951 
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American public has received 100 per 
cent more in lighting value, The ap 
petite for lighting in this country has 
about doubled in five vears 

Certainly these facts are a tribute to 
the lamp and lighting industry. They 
emphasize the importance of new de- 
velopments. 

As additional evidence, one lamp 
manufacturer states that its sales of 
high intensity mereury lamps for in 
flood 


have about doubled in the past vear 


dustrial, street and lighting 


Figures from another lamp maker 
show that lamps not listed ten years 
ago were responsible for nearly 45 per 
cent of its business last vear, and 13 
per cent of the business was due to 
lamps placed on the market only with- 


in the past 30 months, 


Light Sources and Accessories 


Because of material limitations 
made Necessary by our defense mobili 
zation program, lamp manufacturers 
have concentrated on making the best 
use of materials and manpower to 
produce the quantities of lamps needed 
today. Consequently, few new types 
of lamps have been introduced during 


the vear with the exeeption of new 
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lamps fer the military or to aid in 
lighting for production, 

Particularly in military circles, there 
has been renewed interest in compact 
source high-pressure mereury lamps 
which do not require auxiliary cooling 
equipment, for possible application in 
small search lights, airport ceilometers 
and-other such devices. One design of 
these short-gap mereury ares is rated 
at 1000 watts and produces a source 
250 candles 


brightness of per square 


millimeter or better. Another such 


lamp, of somewhat different form, is 
rated at 800 watts with a brightness in 
the 


order of candles 


200 per square 
millimeter 
Among the hard glass, projector 


type lamps introduced this vear are 
PAR 36, 24.28 


head lamp with 


volt military vehiel 


a 100-watt driving beam 
filament and a 50 watt passing beam fila 


ment. 


PAR 36 hand lantern lamp, for oper 


ation on a 6 volt hand lantern battery, 


with a clear lens to provide a concen 


trated beam of high candlepower 
PAR 3S side 


mining 


150 watt, 120-volt 


unusual 


prong 
equipment lamp An 


spring mounted filament arrangement 
makes this an extremely rugged lamp for 
such rough and ready service 

The 200 watt PAR.56 locomotive head 
light lamps, introduced a few years ago, 
the 


oscillating warning lights for locomotives. 


have found a new application in 
Some of the new trains are now equipped 
with six of these powerful lamps, two as 
headlights, two as locomotive warning 
signals and two as red warning signals 


at the rear of the train. 
The 500-watt 750-watt R52 
reflector lamps for high bay industrial 


and 


lighting have gained rapid acceptance 


because they maintain illumination 
values very well, even in dirty atmos- 
pheres, with a minimum of mainte- 
nance. A similar industrial reflector 
lamp in an R-57 bulb rated at 800 
watts and with a more concentrated 
lighting distribution, has been intro- 


duced by one manufacturer. 
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A line of 150-watt reflector lamps in 


K-38 hard glass blown bulbs in spot 


and flood types has heen placed on the 
market 


hangeable 


are said to be inter 
PAR 


in all types of equipment 


These 
with the heavier 
lam prs 
manufacturer has an 


100. watt 


One lamp 
that all its 
ervice lamps have been reduced in size 

to the A-2l ible 
the use of a 100-watt lamp in equip 


nent de 


nounced rough 


This makes pos 


bulb 
signed for 60-watt lamps with 


a great crease in light output. These 


lamps are available in clear and inside 
frosted bulbs for both standard and 
high-voltage service 

Small filament lamps have been 
introduced for testing photoflash cam 
fine lamp, ina G4 
havonet hase, tests 


iget” pho 


era synehronizers 


clear bulb with s. 


equipment desiwned for “n 


toflash lamp Another, with an S.14 
clear bulb and medium serew base, tests 
larger photoflash units. Both types 
have a 3.8-volt, 0.50 ampere filament 


lesigned for : mum of three flash 
light cells 
At the 


eal Conference 


1950 National Teehni 


a new heating unit for 


electric ranges the form of a lamp 
bulb, was announced,' In a gold 
plated R44 balb of Vveor giass, this 
new infrared cooking lamp contains a 


flament and a 750-watt fila 


ment, each operating on 115 and 230 
volts to match the heat settings of the 
In use, a red 


Vyeor plate set above the bulb fur 


standard electric stove 


nishes the cooking surface and protects 
the lamp. It is stated that within two 
or three seconds after being turned on 
the lamp sends full heat through the 
plate and into the bottom of a cooking 
with the that 
food ean be cooked about 


utensil, result small 
amounts of 
10 per cent faster with the lamp than 
with the usual heating coil. 

So-called “agitator” lamps, an 
nounced a few years ago, are reported 
to have found commercial applications 
field. These 


light sources are in the form of glass 


in the novelty unusual 
tubes or bulbs containing a mixture of 


merenry and a fluorescent phosphor 
with a little neon gas present in the 
bulb. When shaken violently they emit 
a faint light visible under completely 
dark conditions. Recent developments 
ure said to have produced some in 
crease in brightness, Applications re- 
ported are for fish lures, roller skate 
wheels, yo-vos and eanes for the blind. 

The electrolaminescent plate, a new 
light 


recely ed 


last 
deal of 
publicity during the year and it has 
subject of 
velopment work aimed toward getting 


type of souree announced 


vear.” has a good 


heen the considerable de 


Figure 2 


Progress Committee Chairman, Alston Rogers, with some of the new 


equipment demonstrated at the 1951 1.E.8. National Technical Conference. Left, 

a new infrared brooder unit with built-in thermostat, for the farm. Center, street- 

lighting luminaire for building-front mounting. Right, new vapor-tight prismatic 
glass industrial lighting luminaire for indoor and outdoor use. 
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Art of Laghting 


this new surface light source out of 
the field of experimentation and into 
practical application. 

Sometimes described as a luminous 
condenser, the electroluminescent plate, 
in its present form, consists of a panel 
of glass with an invisible coating which 
conducts electricity, a thin layer of 
dielectric 
and a thin metallic backing. When the 
conducting surface of the glass and 


phosphor suspended in a 


the metallic backing are connected into 
an alternating current circuit the de- 
vice acts as a condenser and the phos- 
phor emits light through the glass 


plate. 


At the present stage of develop- 
ment, the brightness of the panels on 
standard 120-volt, 60-eyele circuits is 
of a very low ordey and effective only 


under dark-adapted conditions. How- 
ever, light output is inereased econ- 


siderably at higher voltages or higher 
frequencies or both. Several phosphors 
have been developed to generate light 
It is 
suggested that this new method of gen- 


in a limited number of colors. 


erating light soon may find practical 
application for such purposes as Iu- 


minous clock and radio dials, wall 
switch plates, house numbers and 
small signs. Further development 


may some day place the electrolumi- 
neseent plate among the sources of 
useful illumination. 

Manufacturers of cold cathode fluo- 
reseent lamps report a number of new 
developments: 


Life rating of the standard cold cathode 
type HP lamps has been increased from 
15,000 hours to 25,000 hours independent 
of the number of lamp starts. 


Cold cathode lamps are now being manu 
factured in standard lengths of 4 feet, 
6 feet and 8 feet over all from end of 
socket to end of socket. 


A simple push-pull socket for series op- 
eration of standard cold cathode lamps 
has been developed. 


New ballasts for cold cathode lamps in- 
elude a 200-milliampere ballast and a 
ballast to operate four 8-foot lamps. 


A line of ballasts rated by the number of 
standard lamps which they operate at a 
given current has been placed on the 
market. 


Cold cathode lamps in the form of a 
small grid have been designed for use as 
light sources in photo-enlargers. One type 
of such grid makes it possible to convert 
certain cameras for use as photo-en- 
largers. 
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Figure 3a. A new high-frequency system uses small capacitors as 


ballasts to operate eighty-cight 96-inch T-3 slimline 


fluorescent lamps, providing nearly 3000 footcandles in an underground test room for research in plant growth by the U. 8. 
Department of Agriculture at Beltsville, Md.° Conventional ballasts for this installation would have weighed about 1500 
pounds. The tiny capacitors do the job with one-tenth the weight, one-twentieth the size and one-seventh the wattage loss. 
Figure 3b. One of the two convertors used to step up the frequency for this high-frequency lighting system. This is the 


first fluorescent lighting installation in which 60-cycle current has been converted to higher frequencies (360 cycles) without ; 


One new item is a novel fluorescent 
“sign” lamp consisting of a clear T-12 
tube with the physical and electrical 
characteristics of a 24-inch 20-watt 
standard fluorescent lamp, but con- 
taining a thin plate of glass extend- 
ing the length of the lamp with a 
sign silk-sereened on it in 
several of fluorescent phos- 
phors. In operation only the message 
glows. 

Two manufacturers have introduced 
additional variations of white fluores 


message 


eolors 


cent lamps. One, termed “Snowlite,” 
rated at 4000 degrees Kelvin is de- 
signed as a compromise between the 
3500K and the 4500K lamps. The 
other, known as “Vis-A-Ray,” has a 
high green component and is aimed at 
approaching the visibility curve but 
without sacrificing a greal deal in 
appearance. 

Probably one of the most significant 
developments in fluorescent lighting 
during the year has been the re-design 
of sequence-series type instant-start 
ballasts, based on the desirable elec- 
trical characteristics specified by the 
lamp manufacturers. The new ballasts 
operate without sacrificing lamp life, 
but retain the advantages of smaller 
size, lighter weight, lower cost and 
less watts loss compared to the mul 
tiple operation ballasts. They make it 
possible to conserve a considerable 
amount of material, which is highly 
important in these times. 
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rotating equipment. 


Another development that 
prove important in conserving mate- 
rials and improving lighting efficien- 
cies is a new system for high-frequen 
ey operation of fluorescent lamps.’ 
The system employs a new type of 
frequency converter with no moving 
parts which changes 60-cycle current 
to 360 eyeles. At this frequency, large 
fluorescent lamps require only small 
condensers as ballasts. The first in- 
stallation employing this new operat- 
ing method was installed during the 


may 


year in one of the test rooms at the 
Plant Industry Station of the United 
States Department of Agriculture in 
Beltsville, Maryland. This installa- 
tion, shown in Figure 3, is being 
watched with great interest by light- 
ing engineers since it may pave the 
toward further commercial de 
velopments, 


way 


Agricultural 


The new agricultural test room at 
Beltsville is an underground labora- 
tory in which is provided nearly 3000 
footeandles of artificial daylight from 
fluorescent and incandescent filament 
lamps. Here experiments in plant 
growth can be conducted under com- 
pletely controlled conditions. Some 
of the interesting results of the tests 
made in these laboratories were out- 
lined in a paper “Light and Agrieul- 
ture” last year. Among other impor- 
tant aspects, this work is resulting in 


- 


an increased knowledge of the effects 
of photoperiodism (relative periods 
of light and dark during the day) on 


the growth and blooming of plants. 


This new knowledge has been put to 


practical use in Hawaii where peri- ~ 
odie applications of light, during the © 


night, on fields of sugar cane have 
succeeded in retarding the time of 
blooming of the plants, with resultant 
inerease in growth and sugar content. 


On the farm, fluorescent sunlamps © 


are being used increasingly to pro- 
tect health and speed development of 
animals and poultry. Perhaps the big 


news of the year in this field is the 


tremendous increase in the use of in 
frared lamps for brooding of fowl, 
pigs and livestock in the farm fac- 
tories that produce our food. New 
units, with 
control, have 

development. 


infrared brooder some 
built-in 
greatly 


(See Figure 2.) 


thermostat 


this 


spurred 


Industrial 


One of the great new lighting trends 
begun during the year is that of pro- 
viding more comfortable lighting and 
environments in our places of 
work. It seems to have suddenly 
dawned upon the lighting profession 
that there is no reason why lighting in 
industry should not be just as comfort 
able as lighting in the office or school. 
In fact there are many reasons why 
better quality lighting should be most 


seeing 
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Figure 4. More comfortable lighting 


keynote of industrial lighting trends today 


finished 


and seeing conditions for industry is the 


In this manufacturing plant, light 


well shielded fluorescent luminaires with a component of upward light 


keep brightness contrasts low and provide 80 footcandles (initial) of relatively 


shadow free illumination 


A white ceiling 


light colored floor and lighter finishes 


on walls and machinery help create a good seeing environment 


Figure (above) An “integrated” 
ceiling system using structural “troffer™ 
increased flexibility in 
arrangement of built in fluorescent 


lighting 


beams 
the 


permits 


Figure 6 (right) 

plant. Some electric 
are building 
outdoors 


An electric power 

utility companies 
stations 
as & means toward more eco 
of electricity. In 
creasing numbers of outdoor plants, in 


steam electric 


nomical generation 


industries 
for the lighting engineer 


many pose new problems 


Recent 


aress the 


sorthwhile Perhaps the 


itselt 


slustry 


trem] was started by industry 


There are several recent outstanding 


instances where tactores have installed 


commercial type flaoreseent fixtures to 


in Figure 4 


Keynotes of 


improve seemg col exam 


pole slow? 


this trend are thaores 


cent luminaires providing better 


shielding and more upward light with 


liwht finishes on the sides and upper 
portions of 


the units. Inedustroal tix 


Art of Lighting 


tures embodying these principles are 
just beginning to appear on the mar 
ket and many others undoubtedly will 
follow. Hand in hand with the im 
proved lighting goes the necessity for 
white ceilings, lighter finishes on 
walls and machinery and lighter floor 
surtaces tor improved eve comfort 
One large engineering and construc- 
tion company has developed a unique 
the structural troffer 


new system of 


heams shown in Figure 5° These not 
only serve as wiring ducts, supporting 
overhead conditioning 


the pipes, air 


duets and ceiling structure, but pro 


vide a flexible means of installing re 
cessed fluorescent lighting equipment 
wherever required by the plant lay 
out 

The difficult problem of lighting m 
<trument panels in industrial eontrol 
deal of 


attention by the Society and excellent 


rooms has reeeived a good 
solutions have been worked out by the 
Light 


use of 


Room 


the 


Committee on Control 


ing.” Experiments with 


color for identifying groups of im 


struments and controls have been con 
ducted by a group in the Pennsylvania 


irea and the results appear most 


promising 


Application of high-intensity mer 


lighting 


The 


eury lamps for high-bay 


seems to be expanding rapidly. 


Hluorescent-mereury lamp announced 


last vear has now been apphed in 


many installations and its use is in 


creasing for medium and high hav 


lighting 
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The use of black light for industrial 
inspection of metal parts has devel 
oped to the point where large-seale 
applications of the process are in wide 
use. It is now emploved to inspect 
for flaws in all manner of fabricated 


parts ranging from small tungsten 


reds for radio tubes up to gigantie oil 
tanks 


impressive installations are those for 


Some of the larger and more 


inspection of railroad axles, where 
fluorescent magnetic particle inspee 
tion has become standard and is now 
required by the Association of Amer 
iean Railroads 

Application of germicidal lamps for 
product protection and processing has 
standard the 


hecome a practice in 


pharmaceutical industry. A new 
micidal deviee™ has been developed 
for irradiation of blood plasma, tox 
and Such 


oids, anti-toxins Vaccines 


processing is now required for all 


hlood plasma used by the Armed 
Forees 

In this period of industrial mobili 
zation, the ability to earry on work 
outdoors at night Is hecoming increas 
ingly important. In several instances, 
outdoor work areas are being lighted 


to illumination levels of 50 foot 


candles or more. Some industries are 
moving all or part of their operations 
outdoors. Oi) refineries and chemical! 
plants are good examples of this trend 
and excellent outdoor lighting instal 
been these 


lations have 


tields 


applied m 
See Figure 6 


Among the new items of industrial 


lighting equipment should be noted 


\ new all purpose vapor-tight and dust 


tight prismatic glass incandescent fila 


ment unit for indoor and outdoor use 


wcommodating 200 of 300 watt lamps 


See Figure 3 
machine 


75 watt reflector 


A new adjustable heavy duty 


lamp, emploving a 


lamp, for supplementary lighting at 


heavy production machines A handy 


feature of this unit is the provision for 


Allen 


positioning is 


locking all adjustments with an 


wrench where permanent 


desired 


An extension cord, trouble light guard 


and lampholder with a powerful perma 


nent magnet in the hase for convenient 


ittachment to machines or any iron struc 
ture 
Small. local lighting units consisting 
of two 4 watt fluorescent lamps mounted 
reflector containing 


in a compnet 


small ballast and equipped with a stand 
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Figure 7a. Fast planes of the U. 8. Air Force can be refueled at high speeds and 
high altitudes by tanker planes equipped with a “Flying Boom” for transferring 


the fuel. 


Small fins on this telescoping tube are controlled by the operator, in 


the tail of the tanker, to “fly” the boom into contact with the receiver airplane. 


Figure 7b. This important in-flight refueling operation now can be accomplished 
at night, as well as in the daytime, as a result of the development of a system 
of signal lights and floodlights carried on the underside of the tanker plane. 


ard serew hbase for use in any light 


socket 


Aviation 


A few vears ago one of the prin 
cipal aviation problems involved the 
traflie control in the air necessary to 
get planes in and out of airports un 
der low visibility conditions. Radio, 
radar, and approach and runway light 
ing have afforded some solution to the 
problem. Today one of the remaining 
problems is that of ground traffie con 
trol to get incoming planes quickly 
onto the correct taxiway, clearing the 
runway for other flights. Experiments 
are being made with lighted taxiway 
traffic signs, controlled from the tower, 
in an attempt to find a solution to this 
problem.* 


brand 
conjunetion with the so-ealled “Flying 


new idea, developed in 


Boom” method of in-tlight refueling, 
makes it possible for a tanker plane 
to refuel fast night.” A 
special PAR-36, 50-watt 28-volt lamp 


this 


hombers at 


was designed for use with new 


device. Three of these lamps tlood 
light the underside of the wings and 
the fuselage of the tanker plane while 
direction 


ten others transilluminate 


signals, operated automatically — by 


microswitches attached to the boom, 
to imstruct the receiving pilot in main 
while refueling 


taining his position 


(Figure 7.) 
Armed Forces 


The Navy 


experiments under way, among which 


reports some mteresting 


might be noted: 


Tests with xenon lamps in long range, 


portable signaling lights for daytime use 


Recent Progress in the Art of Lighting 51 


. 
4 
2 
' 
yee 


Figure # 


appeared on the market during the year 
these packaged units can be supplied with their own traverse rods for 
lamps are correctly placed for most effective lighting distribution; 


ing, 
draperies; 


Several lines of fluorescent valance lighting equipment similar to this 


Designed primarily for residence light- 


and valance boards are held in the right position for good shielding of the light 
source. 


The use of xenon flashtubes for under 
water photography 
Ultraviolet b 


oyed fo 


ck light 
refueling of vessels at 


radiation em 


r night 
blacked out 


nt investigation ineludes attaching fluo 


sen under conditions, Pres 


reacent cloths to hoses, lines and rigging 


with ultraviolet spotlights mounted on 


the mast 
From the Corps of Engineers come 


the following reports 


The portable field hospital operating 


ght, reported last year, is being used in 
Korea 
machinery of the 


have the 


construction 


Corps of Engineers will new 


avetem developed by the Society 
These 
PAR 46 


tive hous 


of Automotive Engineers new 


onsist of a sealed 


t in a rugged protes 


1 shock absort 


ne we 


ing with a nove 


The system is considered a ad 
war n ghting for neatr thon r 
ise 
At Feglin i, } rt 
lesert sunlight al Z sel for test 
malit rau ats 
ty withst 1 lesert nd 
s. The insta nsists of 144 
RS sunlampe ted +) ne on 
or f t nters tota hergy 
fair . t the haracteristice ‘ 
noonday sunlight but th trav e te 
more power than that found in the 
tropics. It is reported that a person ear 
be sunburned in this room in on ninute 


nf 


Government 


Visitors to the Library of Congress 
will observe that new measures have 
been taken to preserve the original 
manuseripts of the Declaration of In- 
dependence and the Constitution on 
there.” The 
in specially-constructed 
inert gas. 


view documents have 


been sealed 


glass cases containing an 


Special radiation filters and a new 


lighting system are provided to mini- 
mize possible deterioration due to 
light 


taken after careful research and ap- 


The new measures were under- 
plied lighting engineering by the U.S. 
Bureau of Standards. 

Results of new studies by the Pub 
lie Building and the U. S 
Publie Health Serviee, entitled “The 
Influenee of Evesight and 


Service 


Lighting, 
Environment upon Work Production,” 
have been published recently."' These 
the Bureau of 


studies, conducted in 


the Census of the Department of 
Commerce, involved  eard-punching 
operations One of the eonelusions 


drawn that work of this character 
requires no less than 50 footeandles 
of illumination 

The lighting and the interior fin 
ishes in the huge new General Ac 
eounting Offiee Building in Washing 
ton, D. C. are a fine tribute to the 
work of the General Services Ad 


ministration in providing improved 


seeing conditions in our publie build 


Art of Lighting 


Their engineers not only de- 
signed the luminous-indirect, plastic 
fluorescent and 
planned the installation, but they also 


ings.'* 


lighting fixtures 


worked out pleasant new color schemes 
which will be used for all Government 
buildings. 

Color 


The Standard 
Color Schemes embody the principles 


new Government 


of good illuminating engineering; 
several different choices are provided 
for various types of interiors so that 
some variety of well-planned interior 
treatments are available for govern- 
ment offices. 

The general use of a wider variety 

for 
This 


has been made possible by develop- 


of interesting eolor treatments 


interiors has become evident 
ments, on the part of the paint manu 
facturers, to make a wide range of 


colors easily available. 


Where the number of wall colors 
formerly offered by a single paint 
manufacturer would number ten to 


fifteen, now the available colors may 
number in the This has 
been accomplished by various means. 


hundreds. 


One manufacturer offers concentrated 
color in tubes which can be added to 
white paint to achieve numerous com- 
binations, tints and shades. Some mix 
the color desired by the customer at a 
so-called Others use a 
system of intermixes of a small num- 
ber of base colors. With this svstem, 
as many as 200 different color grada- 


“eolor bar.” 


tions are available from one manufae- 
turer’s line of approximately 15 base 
colors. 

It is also interesting to note that 
the lighting engineer’s demand that 
light reflection values for each color 
be noted on the label is bearing fruit. 
A few manufacturers are adopting 
this practice. 

The use of brilliantly colored day- 
light fluorescent materials in com- 
mercial products has grown by leaps 
and bounds during the past year. To- 
day, all sorts of commercial articles 
from hats to shoe laces are manufac- 
tured in these brightest of all mate- 
rials. A new development in this line 
is that of daylight fluorescent gravure 
inks. We may soon see magazine ad- 
vertisements in these glowing colors. 

One nationally known magazine has 
sponsored a plan for correlating colors 
decoration, furnishings, 


in interior 
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other merchandise 
used in the home. It is sponsoring a 
earefully selected group of colors, 
which may be changed somewhat from 


appliances and 


year to year, and suggesting that dec- 
orators, designers and manufacturers 
employ these standardized hues for 
better color harmony. Several manu 
facturers of residence lighting equip- 
ment have already cooperated with 
this program in the finishes and dee- 
orations of their products. 


Residence 


One of the first residence lighting 
fixtures to tie in with the new scheme 
of standard colors is a new “Laundry- 
lite” using two 33-inch 25-watt fluo- 
resecent lamps. Luminous plastic sides 
in this unit provide upward light and 
give it a most attractive appearance. 
Simplicity of installation should make 
this fixture popular for work areas 
in the home. 

The appearance on the market of 
packaged valance lighting equipment 
(see Figure 8) is one of the important 
developments of the year in residence 
lighting. Last vear the first of these 
lines of units was announced. This 
year there are at least six manufac- 
turers supplying such equipment. 

As ceiling heights in new homes 
have become lower and lower, the 
glass ceiling fixtures for them seem to 
have become flatter and flatter to the 
point where the lamps were squeezed 
so close to the glass that unpleasant 
bright spots were very evident. Some 
of the fixtures became so flat that the 
lamps were visible over the top of the 
glass panel. We note evidences of im 
provements in engineering and design 
of some of the newer ceiling fixtures 
this year. In some of the new designs 
the glassware has been turned up 
around the edges concealing the lamps 
and allowing them to be moved fur- 
ther from the glass without adding 
depth to the fixture. 

A new semi-indirect adaptor-type 
center-ceiling fixture has been placed 
on the market. This of a 
shallow glass pan, available with sev 
eral types of decoration, above which 


eonsists 


are mounted two lamp sockets in a 
horizontal position; a base 
adaptor permits installation in any 
single ceiling socket. pull-chain 
switch is so mounted that the ball 
chain drops through the hollow stem 
in the center of the glass panel. The 


screw 
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chain may be removed if the outlet 
is switch-controlled. It is understood 
that larger three-lamp adaptor fix- 
tures may be available in the near 
future. 

Among the new arrivals on the 
homelighting scene are ceiling mounted 
luminaires which may be raised to the 
ceiling for general illumination or 
pulled down for local lighting over a 
table or desk. This is accomplished 
by suspending the unit from a flexible 
cord attached to a spring-loaded reel. 
One such unit is illustrated in Figure 
9a. 

Last Report 


designs in 


year the Progress 


noted some interesting 
table and floor lamps consisting of a 
pottery urn concealing the lamp bulb, 
with a large adjustable shallow dish 
reflector above to diffuse and direct 
the light. Similar units for wall 
mounting are now available, one of 
Figure 9b. Such 


portable lamps seem well suited to 


which is shown in 
rooms decorated and furnished in the 
eontemporary manner. 

Certified Lamp Manufacturers have 
added to their lines a large new table 
lamp designed for the 100-200-300 
watt three-lite lamp. A new form of 
glass diffusing bow! has been made 
available for use in the larger CLM 
portables. This is made in one piece, 
ineluding the flared crown at the top 
of the bowl which had heen formed of 
a separate metal spinning in previous 
models. 

A new novelty is a tiny keyhole 
light which can be fastened above the 
keyhole on outside doors; it consists 
of a neat metal housing containing a 
penlight battery and lens-end flash 
light lamp. 

An LES. contribution which should 
prove of material value to residence 
anid 


lighting designers 


lighting specialists was the publica 


equipment 


tion of a report entitled “The Fune 
tional Visual Activities in the Home 
and the Location and Extent of the 
Associated Areas to Be Illuminated”™ 
These fundamental 
data for hasic 
sions, shielding angles, lighting distri- 
lighting 


studies furnish 


determining dimen- 


bution and placement of 
equipment. 

Another 
better residence lighting is the new 
LE.S. publication “Contemporary 
Lighting in Modern and Traditional 


This booklet should bene- 


definite eontribution to 


Interiors.” 


fit those wishing to design lighting 
that goes beyond the simple necessity 
of providing light where it is needed. 
The development of a system of Home 
Light 
major event of the year. Perhaps for 


Conditioning Recipes was a 


the first time, these recipes translate 
illuminating into terms 
which can be understood and used by 
With the 
aid of a tape measure and the recipe 
book, anyone ean check the suitability 
of his present lighting and determine 


Electric 


engineering 


the average householder. 


what to do to improve it. 


Figure 9a. This plastic and metal unit 

for the home can be raised to the ceil- 

ing or pulled down lower when desired. 

A take-up reel in the canopy (with an 

action like the spring-roller on a win- 
dow shade) does the trick. 


Figure 9b. Several unusual designs in 

portable lamps for the modern interior 

have made their appearance. This wall 

model has a colorful ceramic lamp hous- 

ing with an adjustable reflector of fiber 
glass above. 


Recent Progress in the Art of Lighting 53 


4 
inet 
- 
> 
| 
| 
| 
| me. 
‘ 
‘ag 
Bs 
: 
ks 
9 
4 
a 


ies mad others have 


The first of these 


demonstrated in September 


September 1951 more than 


wh Light Conditioned homes« 


Street 


Within the past few vears there has 


heen a great deal of saetivity and pub 

‘ nterest im the improvement of 

street liehting te the extent that 

entire communitie have lanl plans 

a for American Standard Practice Ilu 


mination of all their «treet \ few 


have alread completed such overall 
whting improvements Inquiries by 
: the LES. Committee on Street ind 
Figure 10. At the new showplace of the glass industry, 
) . The Glass Center, Corning, N. Y., may be seen the “largest 
nteresting taets on this point piece of glass in the world”—the first casting for the 200- 
rrent TELS. standard praet inch Palomar telescope mirror —transilluminated in glowing 
street lighting = made an Amer amber light. Exhibits of the latest developments in light 
Stand n 1947. at bh time the ing glassware and historical displays of the use of glass 
' et beter mn? ommunit on in lighting units are of particular interest to the illumi 


nating engineer. 


Pennayivania, ie s estimated that there are approxi luminaires have a depth of only 4% 
shin mately 2.9000 miles of mereury-lighted inches and the glass panels curve up 
sin thin aust ie in this country today ward at the sides to meet the ceiling. 
Height«. OF Principally im the Chieago area, the The lens-plates produce excellent 
' i ' street lighting in use of mereury street lighting units brightness control both crosswise and 
: ' x ng some 6.040 tor floodlightine the fronts of eom lengthwise while providing a desir 
t whet ing f its miles of  mereial buildings seems to be attain able downward distribution of light. 
| Neigh! come nities ing considerable popularity In that A new type of light controlling 
njectives more than 2,000 mereury street jens plate has been designed for use 
' : lighting units have been installed for with 150-watt filament lamps to illu 
this appheation in the past two vears. inate vertieal surfaces from a ceil 
rls In St. Paul, Minnesota a new type — jing-mounted fixture, One unique fea 
Uhiewg + installed 4 niles of Of tneandescent filament street light ture of these square plates is that 
treet hahting eq ne or exceeding the ing unit designed to be mounted on they are curved or bent to the correct 
Standard Pract nd expects to add the faee of buildings has been used angle for lighting a wall surface from 

ext two or three vears to light main downtown business  ghove 
img standards and suspension un water-white glass lens panels, an 
Che These new luminaires employ the 20 nouneed last vear, has resulted in the 
ar wheduled to be fin ineh diameter convex lens shown in production of thin, curved lens panels 

Figure 2 The 22 bloek in 


four feet long for application in fluo 


The first fluorescent street lighting stallation consists unit reseent fixtures or built-in lighting. 
to meet the American Standard Pra mounted 26 feet above the pavement These long, clear glass plates are 


tree was installed in Detroit, Michigan More luminaires have been ordered formed by 


for extension of the lighting <vstem 


2” the panels into 


during the vear. This half-mile <tretel the desired eontour. 


of Maoreseent being studied A new look is becoming evident in 
vith interest by lighting engineers all Commercial eontinueus row thuoreseent lighting 


ever the country." Installations of «a new prismatic installations through the application 
The application of high-intensity vlass surface-mounted fluorescent ceil of long diffusing plastie panels formed 

mereury lamps for street and highway ing fixture present the appearance of | by extrusion or molding. These long 
rhting shows spectacular crowth. It i built-in lighting joh bheeanse the rigid panels ean be butted end-to-end 
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Figure 11. 


in a continuous fixture to give a per 
fectly smooth line of light. One type 
of luminaire of simple and neat ap 
pearance employs a large diffusing 
cover of molded plastic In one piece 
15 inches wide by 4 feet long 
Another manufacturer has produced 
a louvered fluorescent fixture in which 
be removed in 


louvered sections are formed of short 


the cross louvers may 
dividually for easy cleaning. 


strips of tempered-metal Venetian 
blind slatting and are easily snapped 
into place by means of a spring clip 
attached to them 

Installations have been reported in 
which fluorescent sunlamps have been 
added to general lighting in window 
less offices. In one such installation, a 
total of 220 of the 40-watt sunlamp- 
are mounted on the ceiling in ind 
vidual reflector units over an area of 
46,000 feet. It is that 


they provide the equivalent of sum 


square said 
mer sun during an eight-hour day. 
A new idea in office lighting is the 
combination of louvered fluorescent 
troffers and luminous ceiling elements 
In most troffer lighting installations, 
the ceiling areas between units appear 
dark. 
thin 


sheets were used to produce luminous 


relatively In one experimental 


installation, corrugated plastic 


ceiling panels between the troffers.™ 


The resultant reduction in brightness 
contrasts renders the lighting pleas 
ant and comfortable to the eve 
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“Packaged” systems of luminous ceiling fiuo- 
rescent lighting are featured in this recently remodeled 
area of the Chicago Lighting Institute. 
demonstrations of residential, commercial and industrial 
lighting also have been added. 


Figure 12. 


Up-to-the-minute 


Luminous ceiling lighting systems 


have not been confined to the use of 
plastic panels entirely. Several office 
lighting installations have been made 
using a full ceiling area formed of 
glass lens plates to eontrol bright 
nesses in the field of view while giving 
luminous over 


a general impression 


head. Complete luminous ceilings of 
“Photalite” louvered glass have been 
installed. As 
these plates of 


reported previously, 

photosensitive glass 
“photographed” 


have louvers 


completely through the thickness of 


tiny 
the plate. Incidentally, a new devel 
opment in photosensitive glass has 
resulted in large glass sheets having 
the appearance of natural marble. 
This has been done by “photograph- 
ing” a picture of an actual mrece of 
marble through the thickness of the 


This 


some interest to those designing built 


innovation may be of 


glass 


in lighting in monumental marble 
buildings. 

One of the significant developments 
of the vear has been the marketing 
of complete “packaged” corrugated 
plastie luminous ceiling installations 
by several manufacturers. (See Fig- 
ure 11.) Some of these not only pro 
vide a complete lighting package but 
also supply acoustical treatment?® and 
means for mtegrating the air condi- 
with the lighting 


tioning system 


There have been a number ot such 


installations in whieh the area above 


The Lighting for Mobilization Center, opened 
during the year in the Lighting Institute at Nela Park, 
Cleveland, Ohio, affords facilities for demonstrating the 
principles of better lighting and the results achieved by 
improved seeing environments 


the Juminous ceiling is used to pre 
vide a plenum chamber for the ai 
conditioning. 

design for school 


One ingenious 


room lighting has been noted in which 
both and artificial 


natural daylight 


illumination are controlled automat 


The 


ceiling of glass-fiber-reimforeed corru 


eally.*! room has a lumimous 


gated plastic, with a large skylight of 


material some distance 


Just below the skylight are 


the same 
above it. 

a series of opaque fins or louver- 
which are closed or opened electri 
cally. These louvers are controlled by 
a photocell in the room, set to limit 
the brightness of the luminous ceiling 
to produce a maximum of 150 foot 
candles on the desks. If the natural 
lighting falls 


another photocell turns on artificial 


helow 35 footeandles, 
luminous ceiling 
to provide an foot- 
candles. Thus, the illumination in this 
helow the 


lighting above the 


additional 
classroom can never fall 
LE.S. minimum standard of 30 foot 
candles. 

A new fluorescent fixture has been 
announced for chalkboard 
Designed for 96-inch T-12 fluorescent 


lighting. 


lamps, or shorter unfts where neces- 
sary, this specular metal trough re 
flector unit, when added to good gen- 
eral classroom lighting, will build up 
the illumination on the board to 100 
footeandles 

A new and simple deviee for show 
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window and display lighting consists 


of a metal sphere with a cireular 
opening just large enough to accom 
modate a pothght or flood 


lignht A sin ple 


placed of the how window floor, 


shelf, or case top holds the phere and 
allows it to be set in any position 
During the ear the world’s largest 


bus terminal was bailt in New York 


City All three econeourses im this 
terreainal are well illuminated by built 
n flauoreseent lighting. The 31 eseala 


tors serving the coneourses have green 
fluorescent lamps mounted at top and 
bottom behind the moving treads 
Intense green light filtering through 
openings im the treads furnishes a 
clearly evident warning signal at the 
end ot the ’ sealator 22 

Another new addition to the skyline 
f New York City is the United Na 


merely touch the “up” 
dieation on the elevator call plate 
ind the signal operates immediately. 
It is reported that one church on 
riangular stand, Fifth Avenue, while redecorating and 
facilities for brilliant illumi- 
nation of pulpit and choir to permit 


future televising of the services 


show windows in New York City and 
s been used in a number of theatri- 
Any desired color ean 


single dial on the control panel, or the 
unit can be operated automatically to 


produce a pre-set arrangement of color 


Luminous Advertising 


\ spectacular lighting scheme, em- 


deep, it may be said that there is a 
connected load of 343 watts per 
square foot. Large quantities of air, 
foreed past the lamps, extract a good 
deal of the heat. Electrically, this 
huge luminous area is divided into 48 
sections in each of which can be cre 
ated a full range of color combina- 
tions. Myriads of patterns and colors 
ean be set manually or changed by 
an automatic programming control 
During the daytime, photocells on the 
face of the building are arranged to 
eompensate for daylight by decreas 
ing or eliminating the proportions of 
white light in the color combinations. 
An innovation in large spectacular 
signs is the use of repeating flash- 
tubes to simulate the bursting of fire- 
works. Several such signs are in use, 
operated by standard sign flasher 
mechanisms, simulating the aseent, 
flash and color bursts of sky rockets. 


tions Office Building, forty stories ploying the color control system men- 

hiwh und = with fluorescent lighting tioned above, has been installed over There hav e heen several new devel- 
throughout. The huge class windows the entrance to a large office building °Pments in the use of natural color 
covering most of the exterior are of in New York. The design consists of photographie transparencies for ad- 


vertising purposes : 


nfrared-absorbing glass to filter out metal honeveomb louver sections shown 


One concern has succeeded in making 


me of the radiant heat energy from n Figure 14, whieh rise from the 


excellent reproductions of color photo 


the sunlight. A total of five acres of ceiling of the elevator lobby to a 
is used in the building height of 40 feet on the building 
Visitors will note an ingenious new front. Behind these cells are massed 


graphs, in large quantities, on sizeable 
sheets of thin white plastic. The picture 
is reproduced not only on the front of 
leviee in the elevator signals through a total of 1,932 150-watt PAR-38 the plastic sheet, but also in reverse on 


this wlass 


out the building. Instead of the usual floods with eolor roundels, represent the back in perfect register. This results 
push buttens for signaling the eleva ing a total connected load of 280 kilo in clearer, more colorful pictures when 
tor operator, an eleetronic device is watts. Since these lamps are above transilluminated and good appearance 


emploved so that it ix necessary to floor area 43 feet wide by 2 feet when seen unlighted. 
Three-dimensional color photographie 


transparencies now are commercially 


available. In some of these transillumi 


nated advertisements a second three 


dimensional picture appears and disap 


pears as the observer moves past. This 


ingenious device makes use of a thin 
sheet of cle 
cylindrical lenses molded into the sur 


ar plastic with tiny vertical 


face. Since there are about 64 lenses 


per inch, they are practically invisible 
At the back of each lens are four tiny 
strips of color, each representing a por 
tion of a color photograph. When viewed 


with one eye, each lens expands one 
color strip to the width of the lens and 
a complete picture appears across the 


surface. Viewed with the other eye, a 


second set of color strips is seen. Thus, 


with both eyes a complete 3-dimensional 
color photograph is viewed. When the 
observer moves his head half the dis 
tance between the eyes, two more pic 
tures appear and a different 3-dimen 


sional photograph comes into view 
Pigure 15. In this San Francisco store, an unusual luminous ceiling is formed of A relatively new process of color pho 
shallow plastic domes, the larger ones six feet eight inches in diameter and the tography makes use of a color negative 
‘ smaller twenty two inches. Fluorescent lamps and skylights above furnish soft from which color enlargements may be 
illumination by day or night. ‘*blown up’’ to any desired size. These 
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Figuse is. view Of omce buliding lobby showing hexagonal 
louvers back of which are instalied almost two thousand 
colored floodlights operated by the new color control sys 
tem. Myriads of patterns and colors can be set manually 


Figure 15. 


or changed by an automatic programming control. 


enlargements are made in sections, on 
wide strips of film, which are then pieced 
together to form the entire picture. 
Large transilluminated signs, employing 
this technique, are appearing in many 
cities. One is shown in Figure 15. 


Motion Picture 


The production of a new type of 35 
mm color motion picture film is mak 
motion 


ing widespread changes in 
picture studio lighting techniques. 
The film formerly used for practically 
all celor movies was balanced to day 
light color temperatures and the illu- 
mination required for basic exposure 
was in the order of 500-600 foot- 
eandles. This that ineandes 
cent filament lamps used for set light 


meant 


ing had to be equipped with color 
filters which absorbed about 60 per 
cent of the available light. The new 
color film, this year, is 
balanced to the color quality of tung 
sten filament studio lighting lamps. 
This means that these lamps can now 
be used without color filters. In addi- 
tion, the sensitivity of the new film is 
so high that only 100-200 footeandles 
of illumination is required for proper 


announced 


exposure. Now incandescent set light 
ing ean be used to a greater extent 
than ever before illumination 
levels may be reduced greatly.24 


and 


Another new development is that of 
a 5-kilowatt fresnel-lens studio light 
ing unit with remote-control motors 
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for aiming and for foeusing from spot 
to flood. Even with these added fea 
tures, the new unit weighs less than 
half as much as earlier equipment. 


Measurement and Research 


Among the new instruments avail 
able for laboratory and illuminating 
engineering work should be noted: 


This huge color transparency attracts much 
attention in Grand Central Station, New York, N. Y. The 
lighted picture area is about 60 feet long by 20 feet high. 
Illumination is from fluorescent luminous tubing behind 


the photographs. 


A new contrast brightness threshold 
meter for visibility measurements.** 

A direct-reading color densitometer for 
measuring densities in color or black and 
white either by transmission or reflection 

A new form of brightness meter con 
venient in size and operation. 

A laboratory microphotometer capable 
reflect 
printed 


of measuring the brightness or 


ance of a ‘‘period’’ in amall 


Figure 16. Lighting of this new department store in Rotterdam, Holland, has a 
number of interesting features. The louvered units can be set anywhere in the 
gridwork, suspended about 30 inches below a midnight-blue ceiling. Each unit, 
4 feet long by 2 feet wide, contains two 4-foot fluorescent lamps and two silvered- 
bowl lamps in aluminized reflectors. The incandescent filament lamps serve as 
ballasts for the fluorescent tubes, operated on a 250-volt circuit. 
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sides of each court 
louvered and contain two rows of fluorescent lamps. 


running down both 


illumination design with to- 


The test room is ex 


uijausted to any height up to 


The reflectances of 


+ 


In Sweden, these tennis courts are lighted by continuous fluorescent 


The luminaires are cross- 


removable color panels and any type 
of lighting system may be installed. 


lo speed the tedious work of lighting 


measurement, a photocell is arranged 
back track 
which moves down the length of the 


to run and forth on a 
room, automatically seanning the en- 
tire working plane. Reeording instru- 
ments chart the lighting distribution 
ind total the measurements.*5 

The work undertaken by the LE.S. 


Fund 


Research 
fruit Its 
have been 
tinued achievements are 


well worthwhile and con 


The auditorium of the Lighting Service Bureau in London, England, 
has been remodeled this year to present the latest conceptions in design and illu- 
mination techniques 


Recent Pri aress in the Art of Lighting 


is beginning to bear 
accomplishments so far 


certain to 


further the progress of illuminating 


26 
engineering.- 


Lighting Abroad 


The foreign correspondents of the 
Committee on Progress report a num- 
ber of interesting lighting applica- 
tions, a few of which are illustrated 
in this report. Among those not 
shown, the following may be of in- 
terest: 

In a Paris theatre, a trelliswork in 
front of the main curtain is covered with 
floral designs painted in fluorescent colors 
and lighted by black light. The trellis 
is made in two halves which move to the 
sides, at the start of the show, forming a 
colorful fluorescent prescenium arch. 

A ski jump in the French Pyrenees has 
been equipped with well-designed flood- 
lighting for use at night. The projectors 
are so located that they do not appear 
glaring to either skiers or spectators. It 
is reported by the skiing enthusiasts that 
they prefer to use the ski jump at night 
with the new lighting rather than in the 
daytime because they are bothered by the 
brilliant reflection of the snow in bright 
sunlight. 

In the Seandinavian countries a great 
deal of ingenuity is evident in the de 
sign of decorative and practical lighting 
Some of the artfully designed 
indirect fixtures have glass plastic or 
metal deeorations suspended above to add 


fixtures. 


motion and sparkle 

In London new lighting has been in 
stalled in the House of Commons where 
translucent panels, illuminated by lumi 
nous tubing, are set in squares between 
the wooden beams of the high ceiling. 

Prominent features at the Festival of 
Britain were the many novel and spec- 
tacular lighting schemes which made the 
grounds and exhibits a pleasing spectacle 
at night. 

This year, 18 delegates from the 
United States, all of them well-known 
and 1.E.S. members, attended 
the sessions of the International Com- 
mission on Illumination in Stockholm, 
Their reports and observa- 


active 


Sweden 
tions on lighting abroad added some- 
thing of an international flavor to 
the I.E.S. National Technical Con- 
ference in Washington. 


Developments in 
(abstract). 
XLV, No. 


1. Slauer, R. G “Recent 
High Wattage Tungsten Lamps,” 
ILLUMINATING ENGINEERING, Vol 
9, p. 544 (September 1950) 


2. Payne, Elmer C., Mager, Erie L., Jerome, 
Charlies W Flectroluminescence — A New 
Method of Producing Light.” 
Vol. XLV, No. 10, p. 688 


November 1950) 

2,000 with Slimline: in High Fre 
quency System for Underground Greenhouse,” 
Magazine of Light, p. 3 (September 1951). 
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One lamp manufacturer has con- 
structed a new Laghting Facilities 
Laboratory to obtain new, accurate 
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IL40MINATING Vol. XLVI, No. 
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‘Troffer Beam System,” Magazine of Light, p. 
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end Biological Fields,” Magazine of Light, p. 15 
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8. Warskow, Martin A.: “Visual Aids for p. 13 (MayJune 1951) 

“Brightness Patterns on 
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XLVI, No. 9, p. 483 (September 1951) 
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MINATING ENGINEERING, Vol. XLVI, 
10. “Preservation of the Declaration of In p. 103 (February 1951) 


Airport Ground Traffic Control.” (abstract), 16. Schrenk, L. J 
ILLUMINATING Vol. XLVI, No. 
9, p. 477 (September 1951). 

9. “Aerial ‘Traffic Lights’ Aid Refueling of 


p. 22 (September 1951). 


two Vol. XLVI, No. 10, 


12. Coghlan, Thomas F 
Service in the Lighting Field,” ILtumInaTING 
XLVI, No. 10, p. 549 


13. “The Functional Visual Activities in the 
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(Jaly 1951) 
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Street Lighting Magazine, 23. Blount, Richard: “Lighting Requirements 


p. 577 Eworweeaino, Vol. XLVI, No. 10, p. 548 
(Nowember 1951) 
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Absorption,” ENGINESRING, 
Vol. XLVI, No, 10, p. 567 (November 1951). 
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Architectural Forum, p. 158 (Jaly 1951) 
Ewoinerainoe, Vol. 22. “Lighting the World's Largest Bus Ter- 
minal,” Lighting and Lampe, p. 16 (Decem- 
ber 1950) 
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(March 26, 1951) 
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“Troffers and Luminous 
Ceilings Go Well Together,” I[LivmMtnatino 
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An Analysis of Fluorescent Luminaire Brightness 


Additional Discussion and Rebuttal on Paper by John J. Neidhart 


(Published November ILLUMINATING ENGINEERING, pp. 569-576) 


Ray P. Texte’: The presentation of brightness data as a 
polar curve has much to recommend it and the use of the 
left hand side for endwise values with the crosswise values 
on the right hand side also appeals to me. The entire 
brightness story is given at once in a very concise way. 

The most serious question raised is whether average 
brightness or maximum brightness is the more representative 
of visual reaction. The work of Holladay and recent work 
by Guth indicate that small patches of light brightness con 
tributing but little flux at the eye are just as effective in 
producing glare or discomfort as are larger areas having 
lower brightness and producing several times more flux at 
the eye. The surrounding area has a brightness which influ 
ences the glare effect of small areas of high brightness and 
the presence of adjacent areas of lower brightness definitely 
influences the sensation of discomfort or glare from these 
small areas. This is being studied by Guth, by Petherbridge 
and Hopkinson and their experimental work may resolve the 
question of the value of average or maximum brightness 
measurements as a criterion for evaluating luminaires 

It does not seem that it is time to give up maximum 
brightness and consider only average brightness as Neidhart 
suggests. The relationship between the brightnesses of smal! 
areas of high brightness and bordering areas is not a simple 
one and possibly we should give both maximum and average 
values until we have more experimental data to guide us as 
to which is the better criterion. Possibly the criterion for 
comfort is a consideration of both values, maybe one of 
them as a base and their ratio would be sufficient. 


*National Bareau of Standards, Washington, D. C. 
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Joun J. Newnartr*: Mr. Teele’s remarks are much appre 
ciated, particularly since he is chairman of the Illumination 
Performance Recommendations Committee. Part of this 
committee ’s task is the classification of luminaire brightness 
characteristics, and I hope that the last sentence of Mr. 
Teele’s discussion is an indication that he believes that this 
classification should be based upon average brightness with 
maximum brightness included only in the form of a limiting 
ratio that should not be exceeded. 

The best answers to the questions raised in Mr. Teele’s 
second paragraph are given in the discussion by Messrs. 
Guth and Meaker. published in the November 1951 issue of 
IE shortly after Mr. Teele’s discussion was prepared. The 
most significant point that should be noted is that these 
small areas of high brightness are generally troublesome 
only when one assumes direct fixation on the glare source. 
Most of the comfort evaluation systems today do not assume 
such fixation. 

I agree that it is not time to give up maximum bright 
ness and consider only average brightness. There seems to 
be no reason, however, for not switching immediately to 
average brightness as the primary criterion with maximum 
brightness data toned down to the form of a ratio. Again, 
it is hoped that the maximum brightness used for this 
ratio is more precisely specified than at present with perhaps 
an even smaller aperture than the one square inch being used 
by ail. 


* Author. 


Recent Progress in the Art of Lighting 


\ 

: 
- 

* 

4 

rie 

. = 

59 
- 


on light sources 


The 1.E.S. Committee on Light Sources, under the chairmanship of E. H. 


Inswers 


Raddin, has prepared this listing of answers to frequently-asked questions. 
Readers are invited by the Committee to submit similar questions of 
general interest on light sources, to be considered for publication from 


Can all fluorescent lamps be operated on direct cur- 
rent? 


Yes, with proper auxthary equipment (im direct 
current, of course, one lamp electrode is always cath 
ode, the other anode, The mereury ions formed in the 
discharve flow toward the eathode. After a period ot 
a few hours operation in this fashion, all the mereury 
vapor as well as condensed mereury will be collected 
at the cathode end of the lamp and the anode end will 
consequently be dark, since there is no mereury vapor 
in that area to generate the necessary ultraviolet. In 
short lamps, such as the 15TS, or 20T12, there is usu 
ally enough back diffusion of mereury vapor so that 
this effeet is not noticeable. With longer or thinner 
lamps, it is necessary to provide a switching arrange 
ment to reverse the lamp connections end to end 
every few hours in order to operate them satisfac 


tonly on de 


What per cent of the light output of high intensity 
fluorescent mercury lamps is in the red region of the 
spectrum? 


Approximately 10 per cent of lumens are in the red 


band (600 to 700 millimierons) 


What is the effect of operating an incandescent fila- 
ment lamp at other than rated voltage? 


Over voltage applied to the lamp will cause short 
lamp hfe with a hucher light output, Voltage 5 per 
cent above normal results in 16 per cent more lwht, S 


per cent more wattage and 40 per cent shorter life. 


Under-voltage will lengthen lamp life and will result in 
a lower ht output Voltage 5 per cent below normal 
results in 16 per cent less light, 8 per cent less watt 
ave and 70) per cent longer lite 


How many filaments are there in a 3-lite lamp? 


A J-lite lamp has two filaments. These filaments 


consume different wattages and operate separately or 


mbintion to produce three levels of illumination 


im 


(dueste ns and Answers n Now 


time to time. Questions may be sent in care of Society Headquarters. 


What part of the total tungsten metal used in the 
United States is applied to the manufacture of lamps? 


In the lamp business, a little tungsten goes a long 
way. For example, one pound of tungsten wire drawn 
to .0O185 inch diameter is 8.5 miles long and provides 
filaments for over twenty-five thousand 60-watt lamps. 
At present, the lamp industry consumes about two per 
cent of the tungsten used in the United States. 


Why are incandescent filament lamps operated ever- 
voltage for lighting a baseball or football field? 


Lighting installations for sports fields are rather 


To limit this cost, the lamps are fre- 
quently operated 10 volts or 10 per cent over-voltage 


high in cost 


so that the lamps will produce about one-third more 
lipht than their normal rating, and thereby permit the 
use of less fixtures for a desired amount of light. In 
this way, installation eosts and operating costs are 
reduced, As the burning hours per year are usually 
only 200 to 400 hours, the lamps are usually group 


replaced, 


Why are some incandescent filament lamps for street 
lighting classified by amperes and lumens and others 
by watts and lumens? 


Before there were incandescent filament lamps, street 
lighting lamps were carbon are types and most of 
them operated in series with each other on constant 
eurrent cireuits, 

These are lamps were rated in amperes, and when 
ineandeseent filament lamps were developed to replace 
them, they were rated and operated in the same man- 
ner. The earliest incandescent filament street lighting 
lamps were, therefore, also of the series type. The 
lamps were rated in candlepower and amperes and 
later in lumens and amperes. 

The series lamps are still the most widely used for 
street lighting, but in recent years, the trend has been 
to the use of street lighting lamps operated in parallel 
(multiple) and such lamps are rated in watts and 


lumens 
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Summary of Action Taken at Council Meeting, New York 


An all-day meeting of the L.E.S. Coun 
eil was held Deeember 13 at the Lexing 
ton Hotel, New York City. Summary of 
actions taken follows. 

Present were: 8. G. Hibben, President, 
presiding; Past Presidents, C. H. God 
dard, Walter Sturrock; Vice Presidents, 
A. H. Manwaring, E. M. Strong; General 
Secretary, C. C. Keller; Treasurer, R. F 
Hartenstein ; W. Beals, 
R. L. Biesele, Jr., N. D. Macdonald proxy 
tor L. A. Hobbs, D. M. Jones, R. A 
Palmer, J. 8. Sehuchert; Regional Vice 
Presidents, P. H. Hildebrand, F. P 
Labey, C. N. Laupp, R. G. Slauer, F. C 
Winkler; A. D. Hinckley, Executive See 
retary; ©. L. Crouch, Technical Director 
and Ruby Redford, Editor, and George 
W. Clark, G. H. Stickney, A. 8. Turner, 
Jr., A. F. Wakefield, M. N. Waterman. 


Directors, G. 


MEMBERSHIP ELEcTIONS 


Among other recommendations on 
membership elections, the Board of Ex 
aminers recommended to Council the elec 
tion of A. H. Taylor and L. C. Kent, 
both long-time members of I.E.S., to the 
grade of Member Emeritus. Favorable 
action was taken on this recommendation, 
and on the election of five Members, 80 
Members, and 10 Student 
The names, by Section and 


Associate 
Members. 
Chapter, of these new members are listed 
elsewhere in the Telecast Section. Cur 
rent membership statistics are shown in 


the following tabulation: 


September 30, 
1951 


December 13, 
1951 


7186 Total Membership 
32 Members Emeritus 
42 Fellows 
1709 Members 
iva Associate Members 5160 
209 Student Members 249 


*Includes 10 Fellows of the Society 


COMMITTEE APPOINTMENTS 


Additional appointments of committee 


personnel were approved by Council. 
These appointments, listed below, are not 
shown in the list of Committee person 
nel published in the December issue of 
ILLUMINATING ENGINEERING, but will be 


added, together with any subsequent ap 
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pointments when the list is published in 


a later issue. Appointments at the De 


ecember Council meeting were 


W. Beals, Roy Dahlin, J. O 
Lowell, K. M 


Bapers G. 
Kraehenbuehl, Ww. 
Reid. 

Publications 
E. H 

Sub Committee on Editorial Content-—O 
P. Cleaver, G. F. Dean, R. W. MeKin 
ley, H. M. Sharp, T. H. Shepherd, T 
LD. Wakefield, C. W. Zersen 

Section and Chapter Rep 

resentatives—-H. A. Bell, F. E. Blair, 

A. A. Fox, W. A. Newman 

Conference R. M 


Church. 


Magidsick to replace 


Membership 


National Teehnical 
Zabel. 

Publie 
tion and Chapter 
Gordon Brown, Blair E. Plowman, J. 
Stephen, T. 8S. Taylor, F. Wal 


ters 


Relations and Information — See 
Representatives 


-Section and 
H. V. Ocrt 


Sustaining Membership 
Chapter Representatives 
ing, R. W. Staal. 

Aviation Lighting—D. C. 
Chairman Secretary, Harry A 
Irving Fagin, Kurt Franck, 
Greenlee, J. D. Hall, D. 8 
H. MelIntyre, T. H. 

Civil Lighting, 
West Coast Lighting Advisors -D. M. 
Finch, K. E. Hollingsworth, T. H. 
Shepherd. 


Miller, Vice 
Cramer, 
Paul H 

Little, N 

Projector 


Defense Sub Committee 


Daylighting — Sub Committee, Standard 
Test and Report Procedures for Day 
light Studies—E. E. Vezey, Chairman, 
W. E. Folsom, Secretary, W. J. Arner, 
R. W. MeKinley, F. K. Sampson, R. L. 
Riesele, Jr., ex-officio. 

Lighting—I. P. Crevi to re 
place J. W. Steiner. 

Lighting Study Projects in Industry 
Homer Elliott. 

Textile Industry—D. Mack Woodside 

Lighting Study Projects in Publie Build 

Institutions -H. L 


Industrial 


ings and Private 
Logan. 

Churches Berlon C. 
T. Masterson. 


Auditoriums and 

Cooper, J. T. Dunne, C 
Hotel Lighting—C. I 
Lighting Maintenance—A. 
M. Endres. 


Sayles, Chairman. 
Barr, Vice 


Chairman, L. 


LIGHTING NEWS OF CURRENT INTEREST 


Office Lighting—Sub Committee on Di 
rect Glare-—R. L. Octting, Chairman, 
R. W. MeKinley, George Taylor, Roger 
White, R. L. Zahour 

Sub Committee on Reflected Glare —G. P 
Wakefield, Chairman, A. 8. Almryde, 
L. M. Endres, Charles Macy, J. J 
Neidhart 

resting Procedures 


Wallace G. Hill 


LieutTingo HanpBoox 


E. C. Huerkamp, Chairman of the Pub 


lications Committee presented a report 
on the now completed Handbook project, 
which indicated that the book has been 
prepared within the budget established 
for it, and that copies will be mailed on 
or about January Ist. The report on the 
Handbook 


ferred to the 


financial operation was re 


Finance Committee for 
study. 

Following discussion on disposition of 
the Handbook Committee personnel, ac 
tion was taken to retain the Committee 
intact pending any possible changes in 
the text, and a possible second printing 
of the new edition. 


AND PROcCEDUKES 


Dunean M. Jones, Chairman reported 


on studies made by the Committee on 
Policies and Procedures, indicating this 
Committee had prepared definite reeom 
procedures 
Board of 


mendations concerning new 
for the Board 
Fellows, Medal 
tor technical and 
The P. and P. Committee's report was 
referred to the Committee on Constitu 
tion and By Laws for study and recom 
mendation to the February Council. 

Other were pre 
sented, from 
the Committee on in the 
Profession, the Membership Committee 
and the Public Relations Committee 


of Nominees, 
Committee 
reports. 


Award 
non technical 


reports 
by Council, 


Committee 
and accepted 


Prerequisites 


New 


A petition for a Charter to form a new 
Chapter of LES. was presented by R. L. 
Biesele for a group of members in Tulsa, 


Okla. 
an 1.E.S. Chapter have been met by this 


He noted that all requirements for 


program of 
took action 


group, including an active 
some 47 


to approve a Charter for the Oklahoma 


meetings. Council 


Chapter, with headquarters in Tulsa. 
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Penna, Section 


\ Section Charter was approved fol 


lowing petition of the Eastern Pennasy! 
Section status. The 
Paul Hildebrand, 


voted that in three years’ operation, this 


vania Chapter for 


petution presented by 
Chapter had grown from 52 to 160 mem 


especially 


group 


bers, and had conducted an 


active program of meetings and 


projects 


1954 CONPFRENCE 


Time and place of the 1954 National 


Technical Conference was approved by 
Council, on the recommendation of H. P. 
Steele, Chairman of the Conference Com 
mittee. To tie in with the comprehensive 
celebrations scheduled for the Centennial 
of Light im Atlantic City, N. J., the 
LES National 
will be held the week of September 12, 
1954 at the Chalfont Haddon Hotel, At 


Philadelphia Section will be 


Technical Conference 


lantie City 
host 

Mr. Steele also reported on the prog 
ress of plans for the 1952 Conference, to 
be held next September 8 13 at the Edge 
water Beach Hotel, Chicago, and the 1953 
meeting the week of September 14, 1953 


st the Commodore Hotel, New York City 


Refore adjournment, the next Couneil 
meeting was set for February 14, 1952 
n New York City 
Arizona Chapter 
Receives Its Charter 

\ new LES. Chapter was officially 


naugurated during special ceremonies 


in Phoenix, Arizona. Seven engineering 
organizations witnessed the presentation 
of the Charter to the Arizona Chapter 
of LES, at a meeting held November 

at the Westward Ho Hotel in Phoe 
Hlonorable Howard J Pwlhe 


the State of Arizona 


und ilated 


made 


the 


congrat 


' ter n its formation and its work 
with the other engimeering societies. J.D 
Whitn temporary Chairman of 
chapter, received the Charter 

The Charter was presented at a joint 


convention dinner that was held for the 


annual convention of engineers in the 
State of Arizona The following organi 
rations were represented The National 
Society of Professional Engineers; The 
Arizona Society Engineers The 
American Institute of Electrical Engi 
neers The American Society of Civil 
Engineers The American Society of 
Mechanical Engineers; The Institute of 


Radio Engineers; and last but not least, 
The Illuminating Engineering Society 

lay at a luncheon meeting 
permanent 


im the next t 
held in the Adams Hotel the 
ted 


officers of the Chapter were maugurate 


6A 


ARIZONA Chapter receives its Charter at special meeting in Phoenix, November 
23. Gov. H. J. Pyle of Arizona (left) is shown presenting the Charter to J. D. 
Whitnell, Chairman of the new group. 


H. Hartley, Faleon En 
Company, Chairman; J. D. 

Arizona Light and 
Viee Chairman; 8. L. 
Electric 


These were: B 
gineering 
Whitnell, 


Power Company, 


Central 


Company, 
Keyfauver, 


Burnham, General 
Secretary-Treasurer ; tert 
Corporation, Board of Man 
agers; Herman Bell, Architect, Board 
of Managers; Dr. D. O. Cage, Optome 
trist, Board and A. W. 
Smith, Central Arizona Light and Power 


(iraybar 


of Managers 


Company, to serve on the Board of Man 
agers in lieu of a past Chairman 

completed its 
take its 


The Chapter has now 
organization and is ready to 
place alongside the other fifty one Chap 
ters of the Illuminating Engineering So 
ciety for the furtherance of the science 


of illumination 


Pittsburgh Section Announces 
Planned Lighting Award 

Rules of a Planned Lighting Control 
open to all members of the Pittsburgh 
Section of IL.E.S. were announced by the 
Section’s Awards Committee recently. 
Purpose of the contest is to stimulate an 
appreciation for planned lighting and to 
offer local members an opportunity to 
present their own accomplishments in 
the lighting field. 

Entrants submitting the six best re- 
ports may be invited to present them be 
fore local or extension meetings of the 
Section. Two top awards will receive 
£25.00 each. 

Contest rules are available from C. E. 
Miller, 435 Sixth Ave., Pittsburgh 19, 
Pennsylvania. 


The LES 


there are 
ference and 
The Papers 


1952 has beer 


their proposed papers for the 1952 
lines 
Zabel, Co 
poration, 
paper he must mail 
May 1, 1952 


his proposed 


ve address by 


paper 
received the 
r, and R. M. Zabel. 


Deadline Set for 1952 Conference Papers 


Papers Committee is planning an outstanding program for 
the 1952 National Technical Conference, in Chicago. 
many exeellent papers which could be written for this con- 
suthors are invited to submit their proposals. 

‘ommittee announces 
established for the receipt 
conference. Triplicate copies of out- 
f proposed papers should be mailed by March 1, 1952 to BR. M. 


Chairman, Papers Committee, ¢/o Westinghouse Electrie Cor- 

Lamp Division, Bloomfield, N. J. 

If « prospective author receives tentative approval of the outline of 

his manuscript to Mr. Zabel at the 

It is the policy of the Papers Committee 
will appear on the program unless the manuscript has 

approval of the Papers Committee. 


Co Chairmen of the 1952 Papers Committee are: L. 


It is realized that 


a deadline date of March 1, 
from authors of outlines of 


that 


E. Barbrow, Roy A. 
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Clinic on Lighting for 
Industrial Production 

Three sessions in a full-day meeting 
were devoted to a Clinic for Industrial 
Lighting and Safety, held in Chicago, 
December 7. Sponsors for the clinic were 
the Chicago 
and Industry, Chicago Section of I.E.S., 
and the Chicago Lighting Institute. A 


Association of Commerce 


industrialists from 
Sub 


audience of 
attended the clinic. 


eapacity 
several states 


jects presented were: 


Need for Increased Production and Safety in 
Industry, E. E. Frederick 

Fundamental Factors of Industrial 
Wm. D. Richards 

Industrial Light Sources, Carl F. Jensen 

Outdoor Lighting of Plant and Yard Areas 
For Production and Protection, James 
Weeks 

Lighting Production Areas, James Chambers 

Inspection Techniques and Localized Lighting 
Equipment, R. Diefenthaler 

Lighting Industrial Office Areas for Efficiency, 
George Gilleard 

Infra Red and Ultra Violet Uses in Industry 
Harold Bunte 

Industrial Distribution Wiring Systems for 
Lighting, Frank McShane 

Exit and Emergency Lighting, F. J 
ville 

Color Painting and Coding of 
teriors, Walter Granville 

Industrial Lighting Maintenance, C. E 


Lighting 


Prindi 
Industrial In 
Fgeler 


three sessions were 
August Echel, Midwest Editor of Me 
Graw Hill Publishing Co., B. J. Martin, 
publisher of Electrified Industry, and 
C. W. "Zersen, Managing Director of the 
Chicago Lighting Institute. 


Chairmen of the 


U. S. Committee of C.1.E. 
Re-elects Officers 


The United States National Committee 
of the International Commission on Illu 
mination held its Annual Meeting at the 
Engineers Club, New York, N. Y. on 
November 28, 1951. Twenty-four mem 
bers and guests attended the all day 
meeting. 

Officers elected for the ensuing year 
are: 

Arthur A. Brainerd 
Willard C. Brown 


Louis E. Barbrow 
Theodore D. Wakefield 


President 
Vice President 
Secretary 
Treasurer 


At this first meeting following the 
Stockholm Sessions, the Recommendations 
tentatively adopted in Stockholm were 
reviewed and exceptions taken where the 
Recommendations were found to be con 
trary to accepted U. 8 
Ward Harrison, recently elected president 


practice. Dr. 


of the Commission, showed colored movies 
and Willard C. Brown, Vice-President of 
the U. 8 
colored slides incident to the Stockholm 


National Committee, showed 


Sessions. 


In preliminary preparation for the 


next international sessions to be held in 


(Continued on page 9A 
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LIGHTING CALENDAR 


Society Events 


Pebruary 14, 19523-—Meeting of 1.E.S. Ne 
tional Council, New York, N. Y. 


March 13, 1958—Meeting of 1.E.8. Council 


Executive Committee 


March 13-14, 1952-—South Pacific Coast Re 
gional Conference, Hotel Sir Francis Drake, 
San Francisco, Calif 


March 290-21, 1952 Pe-ific Northwest Re 
gional Conference, Hotel Victoria, Vancouver, 
B 


March 31, 1952-—Meeting of National 
Council, Edgewater Beach Hotel, Chicago, IN. 


April 6-8, Southwestern Regional Con- 
ference, Hotel Tulsa, Tulsa, Okla 


April 20-22 1952-——Southern Regional Con- 
ference, Hermitage Hotel, Nashville, Tenn 


April 30- May 2, 1952-——CanaJian Regional 
Conference, Hotel General Breck, Niagara 
Palle. 


May 5-6, 1952—Great Jakes Regional Con- 
ference, Statler Hotel, Cleveland. Ohio 


May 8, 1952—Meeting of 1.E.8. Council Ex- 
ecutive Committee 


May 21-23, 1952-— ast Central Kegional Con 
ference, Webster Hall Hotel, Pittsburgh, Pa 


June 18, 1959—Meetihg of Council, 
New York, N. Y. 


June 19-20, 1952 Northeastern Regional 
Conference, Hotel Preston, Swampscott, Mass. 


July 10, 1953 Meeting of 1F.S. Council 
Executive Committee. 


September 6-13, 1952 — Illuminating Engi 
neering Society, National Technical Conference, 
Edgewater Beach Hotel, Chicago, Il 


Industry Events 


January 14-17, 1952-—— Plant Maintenance 
Show, Convention Hall, Philadelphia, Pa 


January 17-24, 1952-—National Housewares 
& Home Appliances Exhibits, Navy Pier, Chi- 
eago, I) 


January 21-23, 1954-—Nationa! Electric Sign 
Ass'n, Convention & Sxhibit, Hotel Sherman, 
Chicago, Il. 


January 21-25, 1952—Winter General Meet 
ing, American Institute of Electrical Engi- 
neers. Hotel Statler, New York, N. Y. 


January 28-30, 1952-—The American Society 
of Heating & Ventilating Engineers, 58th 
Annual Meeting, St. Louis, Mo 


February 7-8, 1952-—Instrument Society of 
America, New York Section, 1952 Regional 
Conference on Power Plant Instrumentation, 
Hotel Statler, New York, N 


February 7-9, 1952 Inter-Society Color 
Council's 2ist Annual Meeting, Hotel Statler, 
New York, N.Y 


Institute of Radio Engi- 
Waldorf-Astoria Hotel & 
. New York City. 


March 3-6, 1952- 
neers, Convention, 
Grand Central Pa 


March 5-8, 1952 — Essex Fiectrical League, 
Seventh Annual Electrical Industrial Exposi- 
tion, Terrace Ballroom, Newark, N. J. 


March 10-13, 1952 — National Electrical 
Manufacturers Ass'n, Edgewater Beach Hotel, 
Chicago, Ill. 


March 22 - April 6, 1952-—Chicago Interna. 
tional Trade Fair, Navy Pier, Chicago, I. 


March 24-26, 1952 
chanical Engineers, 
Wash 

March 26-28, 1952 — American Power Con- 
ference, Hotel Sherman, Chicago, Il). 


April 1-3, 19523 — Edison Electric 
Sales Conference, Chicago, Il 


American Society Me 
Spring Meeting, Seattle, 


Institute, 


April 1-4, 1952-—<Greater New York Safety 
Council, 22nd Annual Safety Convention & 
Exposition, Hotel Statler, New York City 


April 26-May 3, 1952 — Chamber of Com 
merce, Annual Meeting, Washington, D. C. 


May 4-8, 1952 The Electrochemical Soci 
ety, Inc, National Convention, Benjamin 
Franklin Hotel, Philadelphia, Pa 


May 5-7, 1952 
Canada, 1952 Annual 
ecouver, Vancouver, B. C 


Institute of 
Hotel Van- 


Engineering 
Meeting 


May 6-9, 1952 — Fourth International Light- 
ing Exposition & Conference, Cleveland Mu- 
nicipal Auditorium, Cleveland, Ohio 


May 12-13, 1952 Electrical Centractors 
Association of (Ontario, Annual General Meet 
ing, General Brock Hotel, Niagara Falls, Ont 


June 8-21, 1952-—International Organization 
for Standardization (180) General Assembly, 
Council and a Number of Technical Commit- 
tees, Columbia University, New York, N. Y. 


Week of June 9, 1952-441h Annual Con 
vention, National Association of Electrical 
Distributors, Atlantic City, N. J. 


June 23-27, 1952-— Summer General Meet 
ing, American Institute of Electrical Engineera, 
Hotel Nicollet, Minneapolis, Minn 


Week of June 23, 1952-——American Society 
for Testing Materials, 50th Anniversary Meet 
ing, Hotels Statler and New Yorker, New 
York, 


June 30-July 2, 1952-—Canadian Electrical 
Association, Annual Convention, Banff Springs 
Hotel, Banff, Alta 


August 19-22, 1952 — Pacific General Meet 
ing, American Institute of Electrical Engi- 
neers, Phoenix, Ariz 


September 8-10, 1952-——American Standards 
Association's Third National Standardization 
Conference, Museum of Science and Industry, 
Chicago, Tl. 


September 8-11, 1952 —- Institute of Traffic 
Engineers, Annual Meeting, Hotel Sherman, 
Chicago, Il 


October 1-3, 1952—Canadian Electrical 
ufacturers Association, @th Annual Meeting, 
General Brock Hotel, Niagara Palls, Ontario. 


October 13-17, 1952-——Fall General Meeting, 
American Institute of Electrical Engineers, 
New Orleans, La. 


October 20-24, 1952-—40th National Safety 
Congress & Exposition of the National Safety 
Coancil, Chicago, Ill. 


Movember 10-13, 1952-—Nationa!l Electrical 
Manufacturers Association, Haddon Hall He 
tel, Atlantic City, N. J. 
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AEsIA Ale @ T an & 


ILLUMINATING ENGINEERING 


RELEASE 
{ 
| 
On pages like this, beginning 
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UNITED STATES Committee, C..E., annual meeting in New York City on 
November 28. Those present were left to right first row: Walter Wagner, T. D. 
Wakefield, Walter Sturrock, L. E. Barbrow, Secretary; Arthur A. Brainerd, Presi- 
dent; George H. Stickney, Honorary President; Willard C. Brown, Vice-President; 
F. C. Breckenridge; Prof. C. D. Fawcett; Ward Harrison, President C.1.E. Second 
row: C. L. Crouch, Marshall Waterman, F. J. Vorlander, E. H. Salter, W. F. 
Little, 8. G. Hibben, President I.E.8.; Dr. K. 8. Gibson, Herbert A. Kliegl, C. A. 
Atherton, Honorary Secretary C.1E.; R. J. Whitney, Miss A. R. Wiggins. Top 
row, right: J. L. Kilpatrick, H. Deming, J. 8. Schuchert, H. H. Magdsick. 


Continued from page TA 


Switzerland in 1955, the scope of the 
work of the Commission was reviewed in 
detail, a revised scheme of subdivision of 
the technical work to be undertaken was 
developed, and plans were made for 
carrying on the work of those technical 
committees the secretariat of which may 
United States. Al 


though the next Sessions are over three 


be assigned to the 


years away, some of the technical com 
mittees, and notably the 
headlighting committee on which Mr. V. 
J. Roper is principal U. 8S. Representa 
tive, are actively working on problems 
delegated to them for solution in Stock 
holm. 


Good Housekeeping Emphasized 
At Industrial Hygiene Congress 


During a two-day business Conference 
of the Industrial Hygiene Foundation 
at the Mellon Institute, Pittsburgh, Pa., 
November 14-15, LE.S. President 8. G. 
Hibben contributed an illustrated survey 
of the importance of good housekeeping 
in connection with maintenance of light 
ing equipment. The connection between 
general health and hygiene of industrial 
employees and good lighting was empha 
sized as a fitting part in any health and 
welfare program. The influence of dusty 
working areas, it was noted, is about as 
important in connection with deleterious 
effects on work illumination as it might 
be upon the respiratory functions of the 
Furthermore, in stressing the 
importance of periodic and planned 
cleaning, Mr. Hibben developed an ap 
praisal of related hazards which must 


automobile 


worker. 


JANUARY 1952 


be guarded aguinst in the washing of 
overhead lighting fixtures, together with 
an explanation of safe and simple meth 
ods, leading to the inevitable conclusion 
that dirt dees cause a loss of see ability 
and extra consumption of lighting power 

Le., that water is cheaper than watts. 

An open forum question period at this 
lighting 
questions about 


session developed numerous 


periodic lamp replace 


ment, over all lamp life, efficiency differ 
ences between industrial illuminants and 
the response of the human eye to various 
color con 
Obviously, 


conditions of glare, gloom, 
flicker and shadows, 
dirt was deemed to 
justify it has 
been given, and this topic brought forth 
timely discussions of the proper design 
lighting equipment 
maintenance in view, as well 


trasts, 
the prevention of 
than 


more consideration 


and 
with easy 


placement of 


as the hygienic planning of air-condi 
tioning systems and dustless work areas 
te minimize the relatively costly house 
of both 


interior painted surfaces 


keeping lighting fixtures and 


Included in this hygienic aspect was 
a discussion of the development of ozone 
in closed work spaces where short wave 
ultraviolet sources are used to purify air 
and reduce objectionable odors. 


Active Interest Shown 
In Home Lighting 

Fifty four electric 
out of 91 replying to a survey made by 
the Edison Electric 
tial lighting committee, are actively pro 


utility companies, 


Institute’s residen 


moting home lighting, with an additional 
11 companies planning to begin promo 
tion in this market within the near fu 
ture 

The 91 companies which supplied data 
for the survey serve 19,437,620 residen 
tial customers, representing about one 
half of the industry's total. 

Fifty two utilities 


stress Certified 


(Continued on page 10A) 


Be It Resolved 


Fellow 


George G. Cousins, 


notable contribution 


lifetime. 


and as Canadian Regional 


of Education. 


Society. 


that the officers and Council of the Illuminating Engineer- 


ing Society record sincere regret at the recent passing of 


and Member Emeritus, and 
hereby express their appreciation and gratitude for the 
which he has made to the work of 
the Society directly and through his intimate connection 
with the field of illumination during the greater part of his 


As one of the organizers and first Chairman of the 
Toronto Chapter, again as Chairman from 1928 to 1930, 
Vice-President, Mr 
helped to build the solid foundation on which the Society's 
activities now stand in Canada. 
his work on school lighting with the Ontario Department 


As Treasurer of the Society and through active mem- 
bership on many Technical and other Committees, George 
Cousins served the Society as a whole, ably and well 
During his terms of office on Council his opinions were 
highly respected and his sterling character admired. 

The fruits of his efforts will long continue to benefit our 


Cousins 


Of inestimable value was 


TELECAST—Lighting News of Current Interest 


x 
| 
j 
| 
} 
gt 
ues 
> 
9 
A 


“Ves, Hadley, yes! 
all that, but think what she'd do to our Harmon tech- 
nique! 


She may be a good teacher, and 


y Sidney 


Chilton, member of the 


Chapt 
apter 


LES. Memphis, Tennessee, 


Continued page 


Lamps in their home lighting activities 


Lecture demonstrations on home ghting 


are offered to interested groups by 74 


utilities, and 65 companies make home 
lighting calls 
Fighty companies expressed interest 


Lighting Program 
and Better Light 


Sixty one 


in the Planned Home 
offered by the institute 
Retter Sight 


panies requested continued promotion of 


Bureau com 


home lighting in this national program 


Forty of the replying companies co 


operate with elementary schools in their 


service areas in programs designed to 


teach school children basic facta about 
light and sight; 45 companies work with 
junior high schools; and 17 with colleges 
Twenty two companies help to provide 


training for teachers in this subject 


Naval Research Laboratory 
Studies Luminous Materials 


Experiments with «elf-luminous and 


phosphorescent materials, with regard to 
visibility and lighting characteristics for 
night time and blackout use, have been 
made by the Naval Research Laboratory, 


aceording to a recent Defense Depart 


ment technical news | esults show 


that 


satisfac 


phosphors are 


radioactive | 


for Ulumination of instrument dials 
darkened 


reading distances 


tory 


under conditions at ordinary 


Phosphorescent mate 


cial is useful for large area signs during 
emergency operations of a few hours’ 


duration, according to their tests 


10A 


R. G. & E. Sponsors 
Advance Lighting Course 


The Rochester Gas & Electric Company 

Advanced 
bi monthly 
Classes are 


are currently conducting an 


Course in Lighting in six 
sessions starting January 10 
the R. G. & E 


ilternate Thursday afternoons from 2:00 


held in auditorium on 


to 4:00 p.m. Each two hour session will 
be divided equally between lecture and 
discussion 

Textbook for the course is the new 
1952 JES Lighting Handbook. The regis 


round table 


tration fee of $7.50 includes the new 
Handbook and other material supplied. 
For students already possessing the 
Handbook, the registration fee is $2.50. 

Subjects to be presented at this course 
include: 


Janvsry 10-—Quantity and Quality Require 
ments of Lighting—Design Calculations 


January 24—Light Sources 

February 14—Fixture Design and Character. 
istics 

February 28—Applications: Office and Class 
room 

March 13—-Applications: Store Lighting 

March 27-—-Applications: Factory Lighting, In 


cluding Protective 


Back Issues of 
1.E.S. Transactions Available 


A complete file of 7.8.8. Transactions, 
dating from January 1922 are available 
worthy institution or individual 
in obtaining them. Anyone 
desiring these back issues of the Trans 
actions may write to: G. F. Prideaux, 
Electric Co., Nela Park Engi 
neering Division, Cleveland 12, Ohio. 


to any 


interested 


General 


Chicago Section Papers Committee 
Scores in IE 


An 
Committee functioned 


effective local Papers 
last year in the 
Chieago Section, stimulating papers for 
possible publication in ILLUMINATING 
ENGINEERING from Section members. Box 
papers submitted in 1950, 
four published, one returned, one pend 


especially 


score six 


ing revisions. 

The committee, headed by Erie H. 
Church as chairman not only stimulated 
the preparation of papers, but acted as 
a reviewing board of all material before 
it was submitted to the Society’s edito 


(Continued on page 139A) 


CHAIRMEN, past and present of the Montreal Section, I.E.S., gather for Section 
meeting. L. to r. M. Laflamme; Jos. Thomas; E. Morris, this year’s chairman; J. W. 
Bateman; Duncan Jones; and Arthur Mendel. 
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FOR ECONOMICAL AND EFFICIENT LIGHTING 


When low budgets demand high efficiency in maximum seeing conditions with full eye- 
lighting and low first cost and maintenance comfort. Supplied with either medium or 
...the Leader Concentric Ring comes up mogul socket... . The Concentric Ring can be 
for first ‘consideration. Simple design either surface mounted or suspended from 
harmonizes with alr.ost any architectural hangers. Maintenance is practically nil because 
motif. Utilizing the PS 40 silver bow! inside there are no horizontal surfaces to collect 
frosted lamp this luminaire provides ; dust and unit is open top and bottom. 


RECESSED INCANDESCENT DOWNLIGHTS 


with Holophane Controlens* 


RO 894—Round flush unit is ideo! for certan R 774—This incandescent unit is particularly RO 772—These wnits ore designed for use 

architectural applicetions. For use where gen- desirable for general even spaced lighting with tile or block ceilings ond will exactly 

lighting is required—all gloss construction Showld be spoced times the mounting tepioce single squere tile. bar or 

essures economy of operation For 200 o 300 height above the work plone. for 150 wort metol frame construction simplifies instelle- 
tien. For 200 or 300 watt tomp 


Sold and installed by the better 
electrical dealers contractors 


LEADER ELECTRIC COMPANY + 3500 North Kedzie Avenve + Chicago 18, Iilineis 


Leader Electric — Western, 800 One Hundredth Avenve, Ooklond 3, Californie 
Campbel!-Leoder, Brentford, Ontoric, Conedo 
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CLIVER BUILDING + PITTSSURGH 22. PENNSYLVANIA 


— 

FLUORESCENT “Pinsbeth” ) LIGHTING SCHOOL Upper Burt 
MANUFACTURERS OF FLUORESCEM! & INCANDESCENT LIGHTING EQUIPMENT 
PERMAFLECION LIGHTING FQUIFMENT 15 DISTRIBUTED AY BETTER ELECTR)CAL WHOLESALERS EVERYWHERE 
A 
- 


« Continued from page 10A) 


rial office. The Committee worked closely 
with headquarters on the nature of the 
material to encourage, length of manu 
ecript and final scheduling 

The activity in its first year was con 
that a similar 
committee has been appointed by the 
Chieago Section for the 1951-1952 term. 
This year’s Chairman is George Gilleard 
of Curtis Lighting Inc., who has already 
held a meeting of the eleven members 
of the committee, drawing up plans and 
deciding on specific subjects for next 
year's submissions. 


sidered so worthwhile, 


A project such as this in other Sections 
and Chapters could result in lively coun 
trywide participation in the Society's 
publications program, and good 
recognition to local members for their 
outstanding lighting jobs. 


give 


4th 1.L.E. Exhibit 
Space Appointed 

A complete sellout of all exhibit 
space was indicated at the first drawings 
for exhibit booth locations at the Fourth 
International Lighting Exposition and 
Conference. The Exposition which is 
sponsored by the Industrial and Com 
mercial Lighting Equipment Section of 
the National Electrical Manufacturers 
Association will take place May 6th 


CHICAGO Section Papers Committee which met recently to plan subjects of 

papers from local members, for submitting to IE publications office. Clockwise 

around table: F. J. Vodica (center), M. W. Ross, J. W. Peterson, G. Gilleard, 

G. G. Nordeen, G. Marks, M. Feron, W. D. Richards. Also members but not shown 
are E. H. Church. W. I. Crockett, J. A. Kilp. 


through 9th, 1952, at the Cleveland Audi 
torium. 

According to Mr. 8. R. Naysmith, 
Chairman of the Exposition Operating 
Committee, 123 exhibit spaces have been 
sold with only 11 spaces still ‘available 
at the present time. Mr. Naysmith re 
ports, ‘‘Interest in the coming Exposi 
tion is greater than I have ever seen it 
before, and from all indications, it should 
be the biggest both in number of ex- 
hibitors and attendance.’’ 


South Pacifie Coast 
Pacifie Northwest 
Southwestern 
Southern 

Canadian 

Great Lakes 

East Central 


Northeastern 


September 8-13, 1952 
Week of September 14, 1953 


1.E.S. Regional Conferences, 1952 


March 13-14 


Sir Franeis Drake Hotel 
San Francisco, Calif. 
Hotel Victoria 
Vancouver, B. C. 
Hotel Tulsa 

Tulsa, Okla. 
Hermitage Hotel 
Nashville, Tenn 
General Brock Hotel 
Niagara Falls, Ont. 
Statler Hotel 
Cleveland, Ohio 
Webster Hall Hotel 
Pittsburgh, Pa. 
Hotel Preston 
Swampscott, Mass 


1.E.S. National Technical Conferences 

1952, 1953, 1954 

Edgewater Beach Hotel, Chicago, Ill. 

- Hotel Commodore, New York, N. Y. 

Week of September 12, 1954 — Chalfont-Haddon Hall, Atlantie City, N. J. 


March 20-21 
April 6-8 
April 20-22 
April 30 - May 2 
May 5-6 

May 21-25 


June 19-20 


JaNuARY 1952 
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British 1.E.S. Announces 
Summer 1952 Meeting 


Outlines of papers to be presented be 
fore the British 1L.E.S. annual meeting 
next summer have been announced. In 
eluded in the 
gram is one American speaker—-H. L. 
Logan of New York, 
will present a paper on ‘‘Two Frontiers 


very comprehensive pro 


Holophane, who 
of Lighting.’’ 

The Conference is scheduled for May 
20 through 23, 1952 at Easthorne, Eng 
land. American visitors have received a 
cordial invitation to attend this confer 
ence, which will include some six out 
standing speakers on subjects of special 
interest to illuminating engineers. 

Details obtained from the 
Secretary of the Illuminating Engineer 
ing Society, Mr. G. F. Cole, whose ad 
dress is 32 Victoria St., Loudon S.W.1, 


England. 


may be 


Third Printing Ordered 
For Lighting Booklet 


“Lighting and the Nation's Welfare,” 
a twenty four page booklet prepared as a 
public service by the National Informa 
Lighting, Cleveland, 
Ohio, will go into its third printing, ae 
cording to Edmond C. Powers, Executive 
Secretary. The 
vital present-day services of illumination 
production, in 


tion Committee on 


booklet summarizes the 
in American industrial 
public safety, in research and education, 
and in government 

The wide distribution of the book re- 
sulted in numerous inquiries to the Com 
mittee for more information on lighting, 
or for sources of information on specific 
lighting problems. 

Over 35,000 copies have already been 
distributed; the third printing is for an 
additional 10,000 copies. 


(Telecast continued on page 14A) 
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New Lighting Handboks 
Now Being Mailed 


At long last, the new 1952 LES Light 
ng Handbook, over per cent revised, 
is being mailed. Delayed in publication 
by the extensive revision found necessary 
to make this edition truly up to-date, the 
Handbook is the product of three years 
study by thirty four technical committees 
of the Society with total personnel of 
more than five hundred 

We are sorry it is late; we regret any 
inconvenience caused by the tardy arrival 
of this book tut we think that when 
you receive your copy of this 900 page 
lighting reference book, you will appre 
ciate the extra time taken to make this 
Becond Edition the comprehensive, au 


theritative volume that it i« 


Heat Treatment “Cure” 
May Modify Plastic Properties 


Heat treatment of plastics to give 
them desired properties, using methods 
similar to those now employed with 
metals is foreseen by Dr. Fraser P 
Price, General Electric Research Labora 
tory, who reported on his work at the 
recent Diamond Jubilee of the American 
Chemical Society 

In bis paper presented before a sym 
posium on fluorine chemistry, Dr. Price 
deseribed how plastic crystals may be 
made to form by proper application of 
heat, in a manner closely analogous to 
eryetal formation in a metal such as 
steel. In the plastic as in the metal each 
erystal forms around a nucleus of some 
foreign matter or ‘* dirt.’’ 

The research was concerned with a 
plastic bearing the name of ‘*‘ polychloro 
trifluoroethylene As prepared, it is in 
the form of clear sheets. If heated to 
more than about 400F, at which it soft 
ens and becomes rubbery, and then al 
lowed to cool slowly the sheet becomes 
cloudy 

Studies of this cloudy plastic by spe 
cial microscopes, x rays and other meth 
ods revealed many tiny cireular groups of 
erystals, each group a hundredth of an 
inch or less in diameter. The electrical 
and mechanical properties of the plastic 
containing crystals are very different 
from those of the normal form, where 
there is no regular order in the arrange 
ment of the atoms of which it is made 
In a crystalline material they are ar 
ranged in a regular lattice It is said 
that the erystal formation oecurs mainly 
at temperatures above 350PF. The nuclei, 
around which the erystals form, are pro 
vided by the ‘‘filler’’ that is added to 
the plastic in manufacturing 


He said that similar effects oceur with 
many types of plastics including nylon 
and polyethylene, which is widely used 
as a transparent covering. In discussing 
possible applications of his work, Dr. 
Priee said that choice of the proper heat 
treatment and filler might afford means 
of regulating the properties of a plastic 


School-Lighting Booklet 
Available 


Protection of school children’s eyes is 
pointed up by a revised 20-page ABC 
Pian School Lighting booklet available 
from the Westinghouse Electric Corpora- 
tion 

The booklet outlines six basic points 
that should be considered before buying 
a lighting system and applies these points 
to several problems typical to most 
schools. Complete data and sketches are 
provided for eight sample lighting lay 
outs. and photographs and descriptions 
of seven types of luminaires are included. 

For a copy of booklet B 4556-A, write 
to Westinghouse Electric Corporation, 
Rox 2099, Pittsburgh 30, Pennsylvania. 


How to Make 
Homework Lighter 


“How to Make Homewerk Lighter,” a 
new S page, two color booklet for use by 
electric light ad power companies and 
cooperatie; dealers in disseminating in 
formation on the application of good 
lighting principles to home study, has 
been prepared by the Better Light Better 
Sight Bureau. 

Attractively printed, this brochure is 
a revised and enlarged version of a 
popular and widely used folder previous 
ly published under the same title. The 
copy is informal and designed to appeal 
both to parents and to school age chil- 
dren 

Examples of correct lighting for study 
are illustrated and deseribed, in contrast 
with photos and descriptions of incorrect 
lighting in the same setting. Included 
also is a description of a “Portable 
Study Center,” which students can build, 
together with photos and drawings with 
instructions for its construction. Many 
of the common faults in the placement 
of lamps are pointed out, with useful 
practical suggestions as to how the light 
ing may be improved without the neces 
sity of extensive room changes. 

“How to Make Homework Lighter” 
may be obtained from the Better Light 
Better Sight Bureau, 420 Lexington Ave 
nue, New York 17, N. ¥. This booklet is 
priced at $3.50 per 100, in minimum 


quantities of 100 
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Occupational Optometry Section 
Meets in New York 


The newly formed Occupational Op 
tometry Section of the American Acad 
emy of Optometry held its first sessions 
during the annual meeting of the Acad 
emy, December 8-11, at the Hotel New 
Yorker, New York City. 

At the first meeting, the objectives of 
the Occupational Section were stated as 
the garnering of all useful information 
which relates to occupational seeing and 
the proper distribution of this knowl- 
edge to the groups interested. Sub-com- 
mittees were named to carry out this 
work. They will deal with specifie prob- 
lems such as seeing in industry, on the 
highway, in schools and in other occu 
pational environments. 

At the second session, papers were pre 
sented by Dr. Charles Bridgman, Chair 
man of the Bureau of Industrial Psychol- 
ogy, University of Wisconsin, “Oceupa- 
tional Aspects of Vision from the Indus- 
trial Psychological Viewpoint”; Sylvester 
K. Guth, Head of the Lighting Research 
Laboratory, General Electric Company, 
“A Broad Concept of Lighting on the 
Job”; Gideon Lange, Optometrist, Con 
cord, N. C., “An Industrial Vision Pro 
gram”; Mr. R. A. Sherman, Director, 
Department of Occupational Vision, 
Bausch and Lomb Optical Company, “A 
History of Industrial Vision”; Com- 
mander R. Roswell Sullivan, Head, Op- 
tometry Section, Department of the 
Navy,, “Optometry in the Navy.” 

The third session was in the form of a 
trip to the Sperry Gyroscope Company 
at Lake Success. Here the group of 22 
was addressed by Dr. Raymond Murray, 
Medical Director, Dr. Herman Sager, 
Director of Eye Service, and Mr. Fred 
Kiefer, Safety Engineer. 

The Committee of the Occupational 
Vision Section of the Academy is com 
posed of the following: 

Chairman, Dr. Richard Feinberg, 
Northern Illinois College of Optometry, 
4170 Drexel Boulevard, Chicago; Dr. C. 
8S. Bridgman, University of Wisconsin, 
Madison; Dr. L. Wayne Brock, Green 
ville, 8. C.; Mr. Sylvester K. Guth, Nela 
Park, East Cleveland, Ohio; Dr. Richard 
M. Hall, Cleveland; Dr. Herman Sager, 
Lake Success, N. Y.; Mr. R. A. Sherman, 
Rochester, N. Y.; Dr. Donald A. Spring 
er, Anniston, Ala.; Commander R. Ros- 
well Sullivan, Washington, D. C.; Dr. 
Lee M. Wheless, High Point, N. C.; Dr. 
Heary Day, Sr., Raleigh, N. C.; Dr. 
Gideon Lange, Concord, N. C. 

The Committee is interested in working 
with professional groups having common 
goals, and requests that all inquiries be 
addressed to the Chairman. 


(Continued on page 174A) 
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2800-square-foot PLEXIGLAS luminous ceiling in 
Rohm & Hoos Company Engineering Building, Bristol, 
Po. Corrugated white translucent PLEXIGLAS is 
mounted wall-to-wall below continvovs runs of 
fivorescent lamps. Upper window glazing is corru- 
goted gray PLEXIGLAS, for prevention of sky glore 


ENVIRONMENTAL LIGHTING... 
With a PLEXIGLAS Luminous Ceiling 


For environmental room lighting, the whole field of 
view must be in brightness balance ... as in this 
drafting room with its PLexictas luminous ceiling. 


The surface brightnesses of the ceiling, the walls, 
and the window areas of this room are less than 
three times as bright as the paper on the drawing 
boards. Note how these surfaces produce a field of 
uniform brightness in which there are no eye- 
fatiguing light-to-dark contrasts. 


An average illumination of 118 footcandles is pro- 
vided through the PLexictas diffusing panels, with- 
out objectionable direct glare from the large-area 
ceiling surface. 


is trade-mark, Reg Pat. Off and in principal foreign countries. 
Canadian Distributor: Crystal Class & Plastics, Lid, 130 Queen's Quay at Jarvis 
Street, Toronto, Ontarve, Canada 


Pexicias acrylic plastic offers other advantages as 
a diffusing medium. Because it is rigid, light in 
weight, and strong, PLExiGLas can be handled easily 
and safely during installation, cleaning, and relamp- 
ing operations. And because it is highly resistant to 
breakage and discoloration, it gives long, low-main- 
tenance service. 


If you have a lighting problem, investigate environ- 
mental lighting with a PLexicLas luminous ceiling, 
We'll be glad to send you full technical details about 
the installation shown above. Write for them. 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representauves in principal! foreign countries 
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5050 Visuolier series available in 4 ft. and 
8 ft. units —two lamp rows — fluorescent 
or slimline — individvel mounting or con- 
tinvous runs. Four lomp motching fixtures 
also available. 


GARDEN CITY PLATING & MFG. CO. — i 


1760. N. Ashland Ave. Chicago 22, III. 
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(Continued from page 144A) 


IT SEEMS TO ME 


Bare Lamp Fixtures in Schools 
To the Editor: 

There interest to the 
readers of IE, in a recent exchange of 
correspondence New England 
the question of the prac 


may be some 
with a 
architect on 
tieality and desirability of using exposed 
fluorescent lamps for relighting old 
schools. 

In his request for an opinion on an 
installation using 40-W T-17 
low brightness lamps, the architect listed 
the 
it: 


exposed 


following information in regard to 


~ Average lumens per square foot on desk 
tops 75 
b. Average lumens per square foot over entire 
room 70 
Maximam brightness of ceiling 
over fixtures) — 104 footlamberts 
Minimum brightness of ceiling (in between 
rows of fixtures) — 30 footlamberts 
Maximum brightners of lamps (at right 
anges to axis of lamp 960 footlamberts 
chalkboard at front of room in 
dicated 42 lumen per equare foot and & 
footlamberts. (78 lumen per square foot at 
bottom of chalkboard) 
Maximum reading at desk tops 
ahove floor) 86 lumens per square foot 
Minimum reading at desk tops—-60 lumens 
(These readings occurred 


(directly 


Center of 


(22%" 


per square foot 

at corner desks.) 

Center of chalkboard at side of room in 

dicated 6.5 footlamberts, with green wall 

above giving 42.5 footlamberts 
The reply was: 

We believe we can understand why you 
are interested in this particular form of 
lighting. and 
maintenance are outstanding points to 
be seriously However, 
hesitate to acquiesce to the suitability of 


Its low cost, its easier 


considered. we 
such bare lamp sources for schoolroom 
lighting. Historically speaking, the light 
ing field went through a critical period 
of many complaints in the early days 
following the advent of fluorescent light- 
ing. Published articles and heavy corre- 
spondence indicated the widespread diffi 
eulty and comment. We are enclosing a 
copy of a typical letter which was com 
piled to answer the many hundreds of 
complaints which came to this office. The 
gist of the whole matter appeared to be 
the use of unshielded fluorescent lamps. 
I believe you can see with this back 
ground why we are hesitant in agreeing 
to the use of this improved form of bare 
lamp installation. 

At the time that the 1948 edition of 
the American Standard Practice for 
School Lighting A23 
oped very careful consideration was given 


was being devel 


to this problem which was fresh in mind. 
The best available data were brought to 
gether and pooled experiences of those 
skilled in this field brought to bear on 
the final conclusions. This resulted in the 
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/ FOOTLAMBERT BRIGHTNESSES, AS 


22s Fru 
ALLOWED 
o*- 30° 


J 


SEEN FROM POSITION A. OF 
EXPOSED Lambs (ORICHT 
NESS 1000FTL AT RICHT ANCLE 
To TuBE) 


development of Table 4 which is quoted 


as follows: 


Recomriended 
Brightness in 
Pootlamberts* 


Zone 
(0° is directly 


*Comparative values in candles per square 


inch, respectively, .5, 1.0, 2 


These Table 4 
were the recommended objective of the 


limits as expressed in 
Committee. However, due to the experi 
ence factor it was found that some lumi 
naires could be considered acceptable if 
they had the brightness of the 
provisions in the Table when light fin 
ishes were used in the lower part of the 
room. Therefore, a “doubling rule” 
provided for these conditions. I do not 
know in detail how the bare lamp fix 
tures which you describe meet these pro 


double 


was 


visions of the American Standard Prac 
tice Lighting.* From 
quoted figures they do not meet the Prac 


for School your 
tice when viewed normal to the lamps. 
From the information I 
have at hand I do not believe they meet 


best available 
the provisions when viewed lengthwise. 
Therefore, in view of the serious situa 
tion in respect to the early use of fluo 
reseent lighting and the best available 
information and experience as recorded 
in the American Standard Practice I do 
not see how our Society could express 
approval of a type of lighting which 
would be contradictory to our recommen 
dations. 

We make the 
spirit of utmost kindliness toward those 
in their own 


above statements in a 


who are fully persuaded 
minds that this is an acceptable and de- 


*Since dispatching the above letter a sketch 
has come in from the School Lighting Com 
mittee channels which illustrates more precise 
ly the problem of brightness relationships in 
volved 
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MAXIMUM FOOTLAMBERTS 
RECOMMENDED 


ASA AMERICAN STANDARD PRACTICE 


ABOVE VALUES © THE GRIGHT AREAS OF THE 
LUMINAIRE ARE SMALL AND THE 
FINISHED IN ACCORDANCE WITH RECOMMENDED 
REFLEC TANCES 


sirable form of lighting. It is, no doubt, 
their belief that the disadvantages are 
outweighed by the advantages and that 
the brightness of the lamps may casually 
appear acceptable, especially under bright 
daylighting conditions where the higher 
level of illumination tends to reduce the 
contrast of the brightness of the lamps 
and when only one or two rows may be 
on at a time. However, for continued 
hours of study for dark winter days and 
for nighttime use we would 
kindly express a word of caution.-C, L 
Croven, Technical Director, Illuminating 
Engineering Society, New York, N.Y. 


possible 


ABOUT PEOPLE 


Certifieate to Fellow grade in I.E.8. 
and the white lapel emblem signifying 
this highest grade of membership were 
presented to Dr. Rolland M. Zabel, of 
Westinghouse Electric Corp. Bloom- 
field, N. J., at the President's Night 
meeting of the New York Section, De- 
Ernest A. Salter, Section 
Chairman, made the presentation. 

A. H. Taylor, physicist retired from 
the General Electric Research Labora- 
tories, Nela Park, and L. C. Kent, re- 
retired Director of the Nela 
Park Institute, were elected to Member 
Emeritus of L.E.S. by action of Council 
on December 13. 


cember 12. 


cently 


(Continued on page 18A) 
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from page ITA 
G. H. Stickney, “senior statesman” of 


the Society, was a visitor to the meet 


ng of Council f LES. on December 
! Mr Stickney beloved “Unele 
Gieorge” to hundreds of LES. members, 
«at after more than 45 years, active 
n ™ ety affairs 


Gilbert K. Hardacre, manager of 


mmercial sales, Public Service Co. of 
Northern Illinois, has been re-elected 
resident of the Chieago Lighting In 
stitute. A. @. Nelson, Lamp Division 
Weatinghouse Electric Corp, was 


and EB. J. Doyle, 


, is secre 


elected e president 
Jr.. Commonwealth Edison 


tary treasurer 


John G. Waddell, managing director 
f the Eleetrie Institute of Boston, 
Ine., was elected president of the Inter 
national Association of Electrical 


Leagues at its sixteenth annual confer 

ence in New Orleans 
The 1051 Edison Medal for “distin 
ributions in the field of 


engineering” has been 


NEW MEMBERS 


At the meeting of the Council Execu 
tive Committee held in New York City on 


romber 13, 1951, the following were 


“ted to membership 


ARIZONA CHAPTER 
Member 
Hamiitor Marriel, New 
Phoenis, Arte 
Aewoctate Members 
Kimeey, WL. Contral Aris 
Ce Phoenis, Aris 
Sage WI Central Aris. Light & Power Co 
Phoenis, Aris 


State Electric Co 


Light & Power 


CHAPTER 

Associate Member 
Schmidt, 

wets, Ine, Alexandria, Va 


Jr. Sylvania Electric Prod 


Berrien COLUMBIA SECTION 


Members 


Metiregor, Fleetric Co. Led 
Vancouver ne 
Therriaslt| M Van Horne Electric Supply 


Vancouver, B. 
Cart?taL Sserton 


Member 
Railer, F Potomac Fleetri Power Co 
Washington, D. ¢ 


CenTea New Yore 

Associate Mem 

Freije, J Freije Electrical Supply Co 
Ir BRingha a N.Y 

Sylvania Electric Products 
It Raffalo N.Y 

Student Member 

Deegett. F Cornell University Ithaca 
N.Y 


‘nme aco 

Members 

Altman, N PF Holabird & Root & Burgee 
Chicago, 

Chappell, Benjamin Electric Mfg Co 

Dee Plaines. Ill 


Ford. J. Special Products Div Chicago 
41, mm 
Kempner, J HH, Southern Plastics Co. Chi 


cago 1, It 


TELEC AST- 
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Dr. Charlies F. Wagner, 
Westinghouse Electric Corp. The medal 
presented during the Winter 
General Meeting of the American In 
stitute of Electrical Engineers, in New 


awarded to 


will be 


York January 21.26 

E. L. Dodington, formerly professor 
at the 
joined Sterling Electrical Company, St 


University of Toronto, has 


Catherines, Ontario as vice-president 
ind general manager 

The Portable Lamp and Shade Man- 
ufacturers Association has announced 
officers. Chairman of the 
George H. Weiner, 
Products Co.; Honorary Chairman, A. 
L. Sandel, Sandel Mfg. Co.; 
Ben Glassman, Rembrandt Lamp Corp.; 
Treasurer, RB. W. Jewell, Art Lamp Co.; 
and Secretary, Richard Weiss, Colonial 
Premier Co 

Lawrence P. Pleasants has been ap 
pointed merchandising manager, Lamps, 
of the Lighting Division of Sylvania 
Electric Products Inc., and will have 


the new 
joard is Deena 


President, 


headquarters in Salem, Mass 


Wera, L. J. Jer 
Dee Plaines, 

Student Members 

Calandrinoe, P. J 


Benjamin Electric Mfg. Co 


University of Mlinois, Ur 


bana, 

Deleour, L. R., University of Ilinois, Urbana, 

Fairbanks R. University of Mlinois, Ur 
bens, 


Kaewan, Jerry, University of Illinois, Urbana, 
in 
King, Benny 


University of Illinois, Urbane 


Schneider, D. N., University of Minois, Ur 


bana, I 
Williams, H.G., University of Illinois, Urbana, 
m 


CLEVELAND S®oTIon 


Membera Emeritus 


Kent. L. C., 19406 Van Aken Bivd, Shaker 
Heights, Ohio 
Taylor, 16304 Helmadale Rd, East 


Meveland, Ohio 
Associate Members 
George, A. B Wilbur 

Meveland 3, Ohio 
Lucas, D. J., General Electric Supply Corp., 

Cleveland, Ohio 


Watson Associates, 


FasTeen PENNSYLVANIA 
Member 
Troy, T Northern 
Towanda, Pa. 
Associate Members 
Molb, E. 40 N. Sth Allentown, Pa 
Mandolos, Gus, Bright Sign Service, Reading 


Penna. Power Co 


Perlmutter, I. M. 796 Turner Allentown, 
Pa 

Reagan, P J. Schaedier Bros. Harrisharg. 
Pa 


CHAPTER 
tesociate Members 
Dunphy H 

Petersburg, Fla 
Lockaby, J. D., Tampa Electric Co 
Pia 


Florida Power Corp. St 


Tampa. 


CHAPTER 
Associate Member 
Coeons, W. F.. Consens Electric Hamilton, 
Ont 
I~ptaNa CHAPTER 
Associate Members 
Butler, R. T.. Westinghouse Lamp Corp. Ie 
dianapolis, Ind 


“ighting News of Current Interest 


A. 8. Jr, Public Service Co. of In 
diana, Ine, Wabash, Ind 

Park +, W. H., Public Service Co. of Indians, 
Ir Lafayette, Ind 


Coffin 


lows Sorrow 


Member 
Reace, W. T., Jr.. General Electric Co, Des 
Moines, Ia 


Associate Members 

Kendrick, R. H Electrical Engineering & 
Equip. Co., Des Moines, Ie 

Lee C O. Bert J. Clark Co, Kansas City 

Prosch, C. B. Landes, Dee Moines, Ie 
o 

MAgiTime CHAPTER 

Associate Member 

Wilkinson, K 
Halifax, N. 8. 


Northern Electric Co, 


Section 
Associate Member 
Dombrowski R. L., Smith, 
Grylls, Detroit, Mich 


Hinchman & 


Mitwackes Secrion 


Associate Members 


Beemster Henry Beemster Electric Co 
Green Bay, Wis 
Somerville. J. E.. 403 W. Walnat St.. Green 


Bay, Wis 
Mississiprt CHAPTER 
Associate Member 
Briees, R. E 
Miss 


303 Stilwood Dr, Jackson, 


MONTREAL SBOTION 
Associate Membere 
Blouin, Maurice, Blouin & Lafrancois, Trois 
Rivieres, Que 
Trepanier, Jacque, Standard Cold Cathode Co 
Montreal, Que. 
New ENGLAND Section 


Associate Members: 
Cherry, C. R.. Champion Lamp Works, Lynn, 


Mass 

Pulle, A. W., Sylvania Electric Prodacts Inc., 
Boston, Masa 

Mikita, T. E., Sylvania Electric Products Inc., 


Salem, Mass 

Rosequist, D. B., Wheeler Reflector Co., South 
Hanson. Mass 

Thorpe, R. L., 
Auburn, Maine 

New Section 

Associate Members 

Moragas, John, Interstate Electric Co, New 
Orleans, La. 

Vogt, I. O., de Laureal & Moses, New Orleans, 
La. 


Alonzo J. Harriman, Inc 


New Sroriow 

Fellow 

R. M. Zabel, Westinghouse Electric Corp., 
Bloomfield, N. J 

Member 

Lemmon, M. P.. Arabian American Oi] Co., 
New York, N. 

Associate Members 

Levine, J. L.. Century Lighting Co., Inc., New 
York, N. ¥ 

Wadams, B. N., 22 Sherman Court, Bloomfield, 
N. J 

Student Member 

Beesley, E. M 


Walter Kidde Oonstructors 
New York. N. ¥ 


NoRTHERN CALIFORNIa 

Associate Members: 

Baker, G. E.. Haluk Lighting & Mfg. Co., San 
Francisco, Cali 

Barber, D. H. Standard Co 
San Francisco, Calif 

Bell, Dewey, Electrical Products Corp., San 
Francisco, Calif 

Broida, T. R, U. S. Naval Radiological De 
fense Lab.. San Francisco, Calif 

Crandall, R. H.. Westinghouse Electric Supply 
Co., Oakland, Calif 

Rifkin, David, Marvin Mfg. Co. San Fran 
cisco, Calif 

Student Member 

McCollum, L 
Berkeley, Calif 


of Calif., 


University of California, 


(Continued on page 29A) 
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The costliest place 
to catch mistakes 
is here— 


Best-lighted area in most plants today is the 
inspection table. But good inspection light- 
ing can enly help catch errors after they 
occur—and time and materials have already 
been wasted. 


The cheapest place 
is here— 


By giving their production workers as good 
light as they give inspectors, your customers 
prevent mistakes from happening. There are 


fewer errors, less fatigue, fewer accidents. : 
Photos courtesy Metals & Controls Corp., Attleboro, Mass. 


THE BEST WAY IS WITH “5-WAY IMPROVED” 
G-E FLUORESCENT LAMPS IN LIGHTING FIXTURES! 


S a result of recent improvements made 
by General Electric lamp research 
scientists, you now can offer your customers: 


(1) increased efficiency (improved phosphor) 

(2) Better uniformity (improved processes) 

(3) Less end blackening (purer materials, more 
accurate controls) 

(4) Longer life (new materials and methods) 

(5) Better color rendition (new Deluxe White 
lamps show colors as they really are) 


Workers see better, work better under cool 
fluorescent light with less glare, fewer shadows. 
Newest form of fluorescent is G-E slimline — 
up to 8’ long, single pin base, instant starting. 


FREE BOOKLET! How to light up 
for better production. For your You can put your confidence un 


copy of “Planned Lighting for 


Industry,” write General Electric, 
Department 166-IE-1, Nela Park, LE T R | C 


Cleveland 12, Ohio. 
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with New 


JEFFERSON TRANSFORMERS 


For Mercury Vapor Lamps 


@ Correctly and specifically designed for 
modern lighting service—Jefferson Trans- 
formers provide the proper starting and 
safe operating voltage and current for 
long-life, lowest cost lamp operation. The 
Jefferson accuracy of design controls the 
voltage and current to uniform predeter- 
mined specifications so vital to satisfactory 
lamp performance. 

Designed by transformer specialist engi- 
neers and by a company that has devoted 
over 35 years to this one type of product 
— these transformers keep your 
mercury lamp lighting efficiency up 
and maintenance down. They are 


designed to meet the specifications of lead- 
ing lamp manufacturers. 

Both the single and two-lamp Trans- 
formers have three primary taps so a close 
match with the voltage of circuit to which 
lamps are connected can be selected for 
best results. 

Wiring compartments of Indoor Types 
are roomy, ¥2-in. and 44-in. knockouts 
provided and fittings at top and bottom 
for conduit and for suspension installation. 

Our new Bulletin 521-5 includes com- 

plete data on indoor and outdoor 
transformers. Copy will be mailed 


Jefferson Transformer 
pendent of messenger 


wire mounting. 


3} 


JEFFERSON ELECTRIC COMPANY Beliwood, tilinois 
IN CANADA: Conodion Jefferson Electric Lid, 384 Pape Toronto, Ont. 
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Two lamp Transformers 
serve two lamps, pro- 
vide mony savings in 
instollation. 
FER 
Ke 
type lomps used d 
lighting plent 
bounderies, build 
fronts, etc., suitable 
attaching to well 
post, or installed ; 
pole top by meons 
a 


A new fixture that gives you the ideal plus combination of 
up-and-down lighting. DOWN-LIGHT, for overall illumination. 
Plus UPAIGHT — from new apertured-top reflecior, new all- 
white finish inside and out — to minimize brightness contrast 
(and give sufficieni light for overhead maintenance). Result 
— a new high standard of illumination that enables workers 
to see easily and work better. 

A more compact fixture, too, made possible by the use of 
the new G.E. small cross-section ballast. Long life assured by 
rigid adherence to the Miller 8-Point QUALITY standard. 
Engineered for easy installation and int e. Carries 
RLM label. Can be mounted individually or in continuous 
rows. Delivery — excellent. 


new plus in industrial lighting 


miles 50 FOOT CANDLER JR. 


New all-white finish — 
boted ename! — 
BLM porcelain enamel. 


arywhere along entire length 
simplifies installation 
New smoll cross-section 
e GE. 2896343 belles — 
This, the husky son of our famous 50 Foot Candler, is the pee te es nny 
newest of a complete line of Fluorescent, Filament and Mer- 
cury fixtures for a wide range of industrial and commercial 
lighting requirements. Miller field engineers and distributors 


are conveniently located for nation-wide service. 


THE COMPANY wenven. conn 


SINCE 1844 


ILLUMINATING DIVISION HEATING PRODUCTS DIVISION ROLLING MILL DIVISION 
Fluorescent, Incandescent, Mercury Lighting Equioment Domestic Oi! Burners and Liavid Fuel Devices Phosphor Bronze end Brass in Sheets, Strips and Roth 
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NEW EQUIPMENT DATA 


AVAILABLE WITH COUPON 


New manufacturers’ cata and bulletins listed below are available 

free to readers of ILLUMNIATING ENCINEERING by mailing the 

coupon. Circle the numbers of those items which you want, drop in 

envelope or fasten securely to back of penny postcard addressed to 
Publications Office. 


] See. 2G bulletin deseribes the “Mar 7 Catalog No. 80 consists of 20 pages 
keter” fluorescent luminaire for store devoted to company’s line of aluminum 
lighting; gives dimensional and instal poles for street and highway lighting; 
lata data as well as specifications. Mil complete with engineering tables covering 
ler Co., Meriden, Conn. fluted and plain round design, gives 
bracket styles and mounting heights 
from 19 to 37 feet. Union Metal Mfg. 


2 Newly designed circuit breaker for Co., Canton, Ohio. 


use in panelboards handling lighting 


¢ and appliance circuits and interchange 
' able with other conventional breakers @ Bulletin (5.1 gives construction and 
is described in this company’s Bulletin  gnecifieation details on new fluorescent 
: S101, giving complete inf rmation and luminaire “Norwin” suited to school and 
specifications. Heinemann Electric Co., office applications; may be installed in 
: Trenton, N. J four different ways. Pittsburgh Reflector 
Co., Pittsburgh, Pa. 
3 School lighting booklet pictures 
rio ne shtir ob schoo! 
various w ing 9 Catalog 19-470 for -product designers 
4 ahnowe ve ite Ll ture d by company gives complete speci 
ay ite sighting fieation data, construction and applica 
outs o 
— _ tions for all types of wire for many elee- 
trieal equipments. General Eleetrie Co., 
e 4 Novel “) page catalog in full color Bridgeport, Conn. 
' shows company's complete line of resi 
Gutures; includes reveiving 10 Four page 5458-LB bulletin gives 
dise in cover to show various room lay led d f new Gill } reall 
outs; Hlustrated index of all fixtures detailed description o 
shown in the catalog. Moe Light Ine, designed particularly for sehool installa. 
Fort Athinsos, Wie tions where ease of maintenance is im 
portant factor. Data include complete 
| ETL engineering tests. Gill Glass & Fix- 
5 78 page construction Catalog 700, ture Co., Philadelphia, Pa. 
fully illustrated, is simple, easy-to-use 
manual on how to frame, hang, mount 99 Catalog pages contain information 
and support many mechanical and elec on ultraviolet germicidal equipment, giv- 
trical equipments with company’s all ing complete specifications as to effee- 
metal framing. Unistrut Products Co, tiveness and radiation of units. D. 
Chicago, I) William Fuller Co., Chieago, Tl. 
6 Catalog No. 48 “Lighting for Pro New “Datalog,” 64 pages of infor- 
duction” in 16 pages describes company’s mation on all Holophane products, gives 
7 line of “Wyte Liner” fluoreseent lumi cross-sectional drawings, distribution 
naires for industrial lighting. Brochure curves on 270 luminaires, with special 
gives construction features, specifications, emphasis on description, performance, 
and stresses quality of light in industry. application and installation. Holophane 
Edwin F. Guth Co., St. Louis, Mo. Co., New York, N. Y. 
Offer good for two months 
Circle numbers wanted. Enter name and address. Clip out and mail. 
1-52 
ILLUMINATING ENGINEERING SOCIETY 
1860 Broadway 
New York 23, New York ‘ 
Send me items circled below: - 
1234567891011 12 13 14 15 1617 1819 2021 2223 ; 
Name - 
Company 
4 Street : 
City Zone State 


13 “QuelAre” bulletin deseribes in de 
tail and illustrates safety and durability 
construction features of company’s 
heavy duty connectors; includes tables of 
sizes and styles; gives typical circuit 
diagrams. Pyle-National Co., Chicago, 


14 Booklet B-4791 provides complete 
plans for outdoor industria! lighting in 
24 pages, “Light for Plant Safety and 
Security”; stresses protective lighting 
for various industry boundaries such as 
fences, ete. Westinghouse Electric Corp., 
Pittsburgh, Pa. 


715 Section 9 catalog gives 50 pages of 
information on company’s line of street 
lighting luminaires including photometric 
data, construction and installation details 
on luminaires and accessories, complete 
with drawings. Joslyn Mfg. & Supply 
Co., Chieago, 


716 Bulletin 551-11 covers company’s 
new series sequence 430 ma ballast for 
series operation of two 96T12 fluores 
cent lamps. Includes weight, dimensions 
and wiring diagram; meets proposed 
A.S.A. test specifications C82.1. Jeffer 
son Electric Co., Bellwood, Tl. 


17 Catalog 433 describes in detail com 
plete line of commercial fluorescent 
lighting units in 29-page, two-color illus- 
trated booklet. Catalog gives complete 
specifications, performance and photo 
metric data; describes accessories. 
Mitchell Mfg. Co., Chieago, Ill. 


78 Mercury vapor lamps, Type H, are 
illustrated in new bulletin which gives 
specifications, order numbers, ete. on 18 
different types of lamps and trans 
former. Hanovia Chemical & Mfg. Co., 
Newark, N. J. 


19 72-page catalog shows company’s 
complete line of incandescent and fluo 
reseent fixtures for wide variety of ap- 
plication; includes specifications, instal- 
lation and construction details, photo- 
metric data. Globe Lighting Products 
Inc., New York, N. Y. 


20 “Analysis of Plug-In Strip vs. 
Duplex Outlet Wiring” discusses the two 
types of wiring for home outlets; tells 
advantages claimed for plug-in. National 
Electric Products Corp., Pittsburgh, Pa. 


21 20-page school lighting booklet B 
4556-A outlines six basic points to be 
considered in buying a lighting system; 
provides data and sketches for sample 
lighting layouts; gives photographs and 
descriptions of luminaires. Westinghouse 
Electric Corp., Pittsburgh, Pa. 


22 GEA-5672, 4-page, two-color bro 
chure describes how company’s ballasts 
are “sound-rated,” classified according to 
amount of natural hum they emit. Folder 
explains how ratings can be used, with a 
typical application; lists catalog number 
according to ratings. General Electric 
Co., Schenectady, N. Y. 


23 Bulletin 40 describes heavy-duty 
lamps for industrial applications; R-type 
floodlights, R-40 Infra-red and spatter 
proof lamps; as well as company’s stand 
ard lamps. Folder gives specifications 
and special features. Radiant Lamp 
Corp., Newark, N. J. 
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The Burlington School System 
chooses the Wakefield flyorescent Star 


for all new and relighted 
classrooms of the City of 
Burlington, New Jersey, 
School System 


Micklewright & Mountford, Architects 


In the City of Burlington's drive to “build new and modernize the old” a 
vigorous committee, sparked by the leadership of Superintendent Joseph W. 
Howe, made actual classroom tests of various lighting fixtures. As a result, 
the Wakefield luminous-indirect Star was selected for all classrooms in both 
the new and modernized buildings of the school system. 


THE STAR has a translu- On this page are shown several of the relighted rooms. Walls were painted 
cent Plaskon reflector which in soft pastel shades with good reflectances. For the first six grades, new 
completely shields the fluo- movable blon4 furniture was purchased. Older furniture was sanded and 
rescent lamps. When the brought up to no-glare, high reflectance standards. Floors were refinished in 


lamps are lit the reflector 
end Gn callien chove ase light colors or covered with light-colored tile. 


Sstghenass, Thun glove, both With the Wakefield luminous-indirect Stars installed, the classrooms provide 


direct and reflected, is re- a comfortable visual environment, achieving brightness ratios equaling or 
duced to a minimum. bettering those recommended by the American Standard Practice for School 
Lighting. 


For a copy of our 20-page booklet," Supplementary Lighting for the CO-ORDINA- 
TED CLASSROOM ™, write to The F. W. Wakefield Brass Company, Vermilion, 
Ohio. 


Lighting 


BASIC FOR CO-ORDINATED CLASSROOMS 


WT 


THE COMMOOORE STAR THE 
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SCHOOL SOUTH BEND. INDIANA 
2.40W GUTH Lite Trofers 

Aree 60 4 73 

Ceiling — 12 

65 Footondies 


A LIGHTING LESSON IN 
the “3 R’s” of Guth 


precision-planned school lighting: 


closign 
In classrooms from kindergarten to college, GUTH 


Re , constuction fixtures are made to solve the toughest lighting 

. problems. They combine the finest illumination for 

Rediatle mance modern education with important economy in 
purchase, installation and maintenance. 


For more information on GUTH Precision-Planned 
School Lighting, contact your nearest GUTH resident 
engineer or write for our School Lighting Catalog. 


IGHTING 


THE EDWIN F. GUTH COMPANY / ST.LOUIS 3, MISSOURI 
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How the PC Vision-Lighting Plan helps your lighting scheme 


Today. in defense industries 
tries, as well as in schools, fac 


tories. stores 
and homes and 
important, The + . up-to-date lighting is vitall d architectural standards. To 
he Vision-Lighting Plan important advantages, t users, they offer other 
our electric lightin comp ements é oo or thes h 

g plan by mak twice the " ave more than 
light. And aking the most of d insulating value of : 
d. as indicated in th ‘ ay wind of ordinary, single-g 

two . dows. Th gle-glazed 

here, it is a practical plan for all © typical installations ine. And @ ey involve no periodic puttying and 
me Fenctiensd G8 or all sections of the country off d they stop the infiltration of dust and d oo 
ctiona jlass Blocks c distracting view dirt, shut 

brightness ratios and comfortable, low Why not au 
‘ ate illuming no in 3 
daylight hours, conforming to plete information the coupon below for com 
inating engineerin on the use of PC € Z 
2 trial, com jlass Blocks in ind 
mercial and public im indus- 
ic buildings” 


TYPICAL DAYLIGHTING PERFORMANCE IN ACTUAL IN inte 


following “on-the-job dings from widely 
seporated communities, are PC Vision-Lighting 
Plan installohons. Continual checks are made of product 


HLLUMINATION From SUN, SKY AnD (LOUDS 


ILLUMINATION FROM SKY AND CLOUDS (NO SUN) Willamette School, Willamette, Oregon 
Architect Donald W. Kalmundson Yortland Oregon 
Associate Architect: Neil KR. Kochendoerfer. Portland, 
Oregon 
x ow, with iz?” ceiling 
sq. ft glass block panel 9.2% of floor 
area 
ft. vision sash (5.6° 
sketch re Soft Lite B55 (hase 
Blocks used 
IHumination of Panels lies. Sun altitude, 27° 
to sun azimuth, minus a2" to 


Classrooms 


of toor area). 


southeast rect 


minus 54 
Canopy shaded vision strip 
73%; wall upper 70%. 
50% % chalkboard, 30° tac 
desk tops. 


School Carthage Texas 
Fort Worth, Texas surface reflectances Ceiling 
lower 
board, 30% floor, 


“wr 


luntor Sentor High 
Vreston M. Geren. 


Carthage 
Architect 
Classroom x 2 with 11710%" ceiling 
156 sq. ft. glass block panel (23.4% of flower 
ft. vision sash 1.1% of floor 
rc Prism A Glass Bloc ks 


«ee sketch): 
Canopy ached! 


1590 foote andles 
vision strip 


North ream 
HHumination of panels 


tae hoard, a2) floor 


Surface re 


+ The PC Visor Light 
Functional ighting Pion is a construct 
openings conssting of orentat 
exposure) wed with vent keyed creas of PC 
as required 
orporatien 
Fourth Avenue 


PITTSBU 
RGH CORNING CORPORATION Pa 
Without obligation oF my part please 
your rer hacklet on the use of 


Pitts sburah 


and public 


Name 


Addres* 


Distributed by Pittsburgh Plate 
Gloss Company, Fuller materials everywhere 
Co. on the 
Pacific Coast, Hobbs Glass itd im (onade, and by leeding distribu’ 
ng distridutors of buriding 
. 


JANUARY 1952 


j 
| 
on PC Functional Glass Blocks ot the Pittsburgh Corning | 
Deylighting Research Center, Port Allegany, and 
independent research laboratcries. . 
@ 
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1. Efficiency — The fomovs Electrical Testing Loborotories , 
report on LUVEX states on 83% efficiency rating, o remork- 
able engmeering achievement for smelded siumline fiature. 


2. Sturdy Construction — The rugged truss type chassis will not 
bend, sog oF flex. The heavy gouge steel enclosure and louvers 
are completely interlocked for one piece rigidity and elimi- 
nation of 


3. Low Brightness—The design of the fixture combines with 
the wepemion mounting to provide a light distribution curve 
which reduces the brightness ratio between fiature and ceiling. 


4. Easy Maintenance—And the mointenonce 
ls INeapensive, too. The LUVEX can be cleaned 
ond relamped without duturbing a ungle 

part of the fiature oF touching o 

latch, bolt of chom 


FOR CHOOSING 


CUVEX 


Day-Brite’s shielded-type slimline fixture. Luvex is engineered 
for two 40-watt fluorescent or 40, 60 and 75-watt slimline 


lamps. Recommended for suspension mounting only, it can be 
installed as single units or continuous runs. Why not get all 
the facts on LUVEX? Write today for full information. Day-Brite 
Lighting, Inc., 5432 Bulwer Ave., St. Lovis, Mo. In Canada: 
Amalgamated Electric Corp., Toronto, Ontario. Distributed 
nationally by leading electrical wholesalers. 


“DECIDEDLY BETTER 


for yourself. This all metal slimline master- 75 i _ H 
prece with the Hot-Bonded super white enomel Lighting 


finish odds modern beauty to any store, office or school. 
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FLUORESCENT STARTERS  A-COMPLETE LINE. 
AIR-THERMAL features ‘TO SERVE EACH APPLICATI . 


50% lamp life 
—beceuse lemps 


one starting cycle 4. NON-IN OCcK 
Operate at 90-125 line volts NTERLC CKING TYPES 
@ Operate at O°F.-140°F. motor-driven models in capacities 
@ Operate on AC-DC wae | from 1,000 to 30,000 wotts. 
other 
Automatic cut-out (no-dlink) 


© PACKAGED UNITS 


APPROVED BY compoct focilities in one 


cabinet for dimming con- 
Er trol, Offered in 6 - 1000 wott and 3, 4, 
5, 6 - 2000 watt pockages. 


Guaranteed for two years. 
Technical literature available. 


INDUSTRIAL STARTER corP.| 

6 Pell St, New York 13, N. Y. INTERLOCKING TYPES 

be mastered and grond mastered. 


POS'TIONER CONTROLS 


4 e@ controller providing 
miniovure selector station 
operation of non-interlocking 
motor-driven POWERSTAT dimmers. 
LIGHTING 


TO ADVANCE 

AMERICA'S 
WELFAR 

Wee SEND FOR 


Aun, COMPLETE INFORMATION 


International rue SUPERIOR ELECTRIC co. SE 
LIGHTING | seistot, conmectricur 


EXPO =] ITION 5012 DEMERS AVENUE, BRISTOL, CONN. 
ond CONFERENCE Please send literature on the following items of POWERSTAT 


CLEVELAND 1952 Light Dimming Equipment. 
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You Can Get 


New Second Edition 


IES LIGHTING HANDBOOK 


Order Your Copy Now! 


18 Big Lighting Sections — Appendices — Manufacturers Data 
— Speed Index — 987 Pages — 655 Photos, Drawings, Light- 
ing Tables, Charts, Graphs that make tough lighting problems 


easier to solve. 


HERE'S HOW-TO-DO-TT HELP in tackling any kind of lighting job. 
Here's a one-volume book of lighting facts that gives you quick, accurate 
answers to all your questions. This all-new 900-page lighting Handbook, 
the 1952 en yelopedia of lighting, gives you step-by-step guidance 
through the whole vast subject of lighting, from basic theory to every- 
day application of good lighting to 1952 lighting problems. You get 
facts-you-can-use on the physics of light, vision, lighting standards, the 
latest trends in color lighting, light measurement, light sources, light 
control, coeflicients of utilization tables, daylighting, exterior lighting, 
sports lighting, transportation, photographic, projection, reproduction Special one-copy 5 50° 
lighting, miniature lamps, radiant energy. Here in one easy to use price to members S e 

volume are all the facts you'll ever need to solve any lighting problem 
under the limitations of materials shortages and war-time economy. 


Regular price per copy, $8. 


*Unless you ordered your member copy at $4.50. 


MAXIMUM VISUAL EFFICIENCY PER FOOT CANDLE 


Another Sunbeam visionaire that leads the country in design and photometric characteristics 
its unique 3 lamp configuration is designed to produce uniform, widespread distribution 
of indirect light. The low brightness side panels are of extruded plastic. Ceiling fixture contrast 
ratio is markedly reduced and the genera! indirect illumination contributes to greater visua! 
SUNBRA LIGHTING COMPANY comfort. For modern offices, where speed and efficiency of work is critical, this is the unit to 
777 14TH PL. LOS ANGELES specify. Pendant mounted only, the P| 270 series is available in 48° and 96 lamp lengths 
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(Continued from page 18A) 


Onto 
Associate Members 
Berry, R. A. The Ohio Power 
Ohie 
Cole, L. J.. General Electric Supply Corp 
Toledo, Ohio 


Onto 
Associate Member 
Roof, G. L Leader Electric Co, Daytor 
Ohio 
Ospoon SeoTion 
Associate Member 
Jarrett, CW. Portland General Electric Co 
Portland, Ore 


PHILADELPHIA SECTION 

Associate Members 

Bahle, F. F Philadelphia Electrical & Mfg 
Philadelphia, Pa 

Herman, J. K. Jr. Walker Yeomans Asso 
clates, Philadelphia, Pa 

Stainthorpe, N. F., Philadelphia Electric Co 
Philadelphia, Pa 

Wyman, W. M., Jr., Gill Glass & Fixture Co 
Philadelphia, Pa. 


PITTsRURGH SeCTION 

Associate Members 

Corregan, R. H 

Pittsburgh, Pa 

Front, H. S.. The Front Co, Wheeling, W. Va 

Gonzalez, Edgar, Blaw Knox Construction Co 
Pittsburgh, Pa 


Pittsburgh Corning Corp 


CHAPTER 
Associate Members 
Chiquette, Henri, 23 Lavigeur, Quebec, Que 
Dubeau, G.. Northern Electric Co. Quebec 


Canadian General Electric Co., 
Quebec, Que 
Marcoux, V.. Northern Electric Co.. Quebec 
ue 
Sr. Lovurs 
Associate Members 
Lewis, G. A., Corning Glass Works, Corning 
N. Y. 
Payer, J. G., Jr, Westinghouse Electric Corp, 
St. Louis, Mo 


JACINTO SEoTION 
Associate Member 
Waters, P. G., University of Houston, Hous 
ton, Texas 


SOUTHERN CALIFORNIA SECTION 
Associate Members 
Kingsley, W. J, Pryne & Co., Pomona 
Calif. 
Ritter, W. H., Jr.. California Electric Power 
Co., Riverside, Calif 


SOUTHWESTERN SBCTION 
Member 
de'Expenza, N., 
Co, Tulsa, Okla 
Associate Members 
Conant, P. L., Wyatt C. Hedrick, Ft. Worth, 
Texas 
Parker, W. G.. Tom Hodges & Co., Tulsa 
Okla 
Seay. J. R.. Seay Electric Tulsa, Okla 
Turner, S. D.. Westinghouse Electric Corp 
Oklahoma City, Okla 


Lawson Electric Supply 


Tennessee Valury 
Associate Members 
Collins, H. F., Jr., Genere! Electric Co., Nash 
ville, Tenn 
Gowen, J. L.. Jr 
Tenn 


Edwin A. Keeble, Nashville, 


Toronto 
Associate Member 
Mann, D. E., Ford Motor Co. of Canada Ltd 
Windsor, Ont 
Twin Section 
Associate Members 
Moore, E. M.. General Electric Supply Corp., 
Minneapolis, Minn 
Pearson, M. H., Sylvania Electric Products 
Inc., Duluth, Minn 
New York Secrion 
Associate Member 
Pratt, ©. C., Crouse Hinds Co., Buffalo, N.Y 
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CHAMPION 
DECLARES 


WASTE 


WAR 


OFFERS 3 PRACTICAL PLANS TO 
COMBAT COSTLY HANDICAPS 
TO PRODUCTIVITY 


Champion's 
PLANNED CLEANING 
PROGRAM 


Champion's 
FLUORESCENT LAMP 
GROUP REPLACEMENT, 


Champion’s 
INCANDESCENT LAMP 
GROUP REPLACEMENT 


Dust and dirt can absorb $0& of light 
paid for through electric light bills. 
Engineered to eliminate this waste, 
Champion's practical Program restores 
normal efficiency, helps maintain max- 
imum year ‘round lighting economy. 


Replacing fluorescent lamps one at a 
time takes about 20 minutes. Mean- 
while productivity is interrupted — a 
costly procedure. “GR” cuts these costs, 
saves an average of 60% in labor time, 
labor costs alone. 


Cost of one incandescent lamp is very 
small compared with cost of labor to 
replace it. Group Replacement is a 
proved money-saver; applied to incan- 
descent lamps, “GR” saves even more! 


' Mail Coupon To 


CHAMPION LAMP WORKS 


un, Mase 


ar 


“MEANS THE BEST IN LAMPS” 


Use any one or all three Plans to improve 
lighting efficiency and economy in fac- 
tories, stores, schools, office buildings, 
etc. This complete File — with formulas, 
charts and practical examples, ready for 
immediate use by non-technical personnel 
— is offered without cost or obligation to 
responsible executives. Simply fill in the 


Coupon and mail. i 


Title 


State 
L 
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LIGHTING 
FIXTURES 


and LANTERNS 


shows hundreds of decorative lighting fixtures and lan- 
terns, for Churches, Federal and State Buildings, Banks, 
Schools, and Public Institutions . . . custom-made of 
Bronze, Aluminum, Wrought Iron and Stainless Steel, 
over the past quarter century, by Cincinnati's Metal- 
craftemen. 


Write for your free copy—for current and for 
future reference. Address: 


MEIERJOHAN-WENGLER— 9) 


1102 West 9th Sr. Cincinnati 3, Ohie 


30A 


| How to design lighting installations | 


Just Published— 3rd Edition 


LIGHT, 
PHOTOMETRY, AND 
ILLUMINATING 
ENGINEERING 


= By William E. Barrows 
f Prot. Emer. of Elec. Engineering, Univ. of Maine 
CONTENTS ind Ed., 415 pages, 342 illus, $7.50 
Light and Vistee 
2 Photometric Stand f uminating engineer on 
owe Nee lighting This book covers the 
enctature the henomen ot 
Sources of Light It de 
aking photometric meas 
* Gee ane 
Lamps ™, equipment, data, 
Princigies of Phe 
temetry and Phete- * esign methods re 
meters se sting systems are 
Photometric Meas. Pages eee of deta, formulas, cal 
wrements and tite. » mire os 6well os the 
mination Surveys @ these dots designing lighting 
fun Cateute & *, parks, streets, highways 
thems and Spherical 


Photometry 


SEE THIS BOOK 10 DAYS FREES 


terior Lighting Beek Co. 390 W. 42, a6 
Cal 
culations and Oe send me Barrows LIGHT, PHOTOMETRY, 
AND ILLUMINATING ENGINEERING for ton 
Aepiication pow We pay for delivery if 
tetera Lientiag ren with this same return privilege bd 
Practices 
12 Lighting fer Sperts 
and Recreation 
aa 
and Highway Light mate 
ine Company 
14 Lighting Street, 
Hiehwars, Air 
or This offer applies te US. only 
eee eee eee eee eee 


ordering replacements trom your deoler 


ACME ELECTRIC CORPORATION 
291 WATER STREET ¢@ 


CUBA, N. Y. 


ALBA 


[MILWAUKEE 


In Any of 10 Distinctive Styles . . . 


the new Alba Hi-Lite will complement the architect's finest 
. of banks, board rooms, executive offices, spe- 


interiors . . 
cialty shops, private clubs, restaurants, or institutions. 


For beauty of simplicity . . 
frameworks, cleared of half the usually used stems. 


For life and punch .. . ribbed opal Alba-Lite, comfortable surface 


brightnesses, above average lumens per watt. 


Surface or pendant, alone or in lines, 2- or 4lamp, 
2. 4 & or 8-foot lengths, for amy lamp or ballast. 
Easy to lay out. Easy to hang. Easy to maintain. 


Write for Engineering Bulletin B-12!, General Specs B-122, Indi- 
vidual Specs B-123, Performance Date 8-124, Applications B-125 et seq. 


NORTHERN LIGH 


. bent Albe-Lite—uncluttered by 
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INDEX TO ADVERTISERS 


Acme Electric Corp. 
Art Metal Co. 


Benjamin Electric Mfg. Co. 


Inside Front Cover 


Certified Ballast Manufacturers 


Inside Back Cover 


Champion Lamp Works 
Curtis Lighting Inc. 


Day-Brite Lighting Inc. 


Garden City Plating & Mfg. Co. 


General Electric Co., Lamp 
Edwin F. Guth Co. 
Industrial Starter Corp. 
Jefferson Electric Co. 
Leader Electric Co. 
Litecontrol Corp. 
McGraw-Hill Book Co. 
Meierjohan Wengler 
Miller Co. 

Northern Light Co. 
Pittsburgh Corning Corp. 
Pittsburgh Reflector Co. 
Rohm & Haas Co. 

Sola Electric Co. 
Sunbeam Lighting Co. 
Superior Electric Co. 
Thompson Electric Co. 


F. W. Wakefield Brass Co. 
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Westinghouse Electric Corp., Lamps 
Back Cover 


Westinghouse Electric Corp., Lighting 
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SERVICING YOUR LIGHTS! 


GIRAFFE: report this to 

the S.P.C.A.' My contract says 
Im an entertainer, not an exten- 
sion ladder! 


MAINTENANCE MAN: Now 
don't get excited! You can go 
back to the circus after | clean 
these lights. 
Well why the $2 
don't you install THOMP.- 
SON HANGERS’ Then you 
could clean these lights at 
tloor level whenever neces- 
Thompson Hangers? 
Whadde they do? 


They lower overhead 

lights to tloor level 
for servicing. What's 
more, they completely 
eliminate all climbing 
and electrical hazards and 
cut maintenance costs to 
a minimum! 


$-a-a-a-a-y, that 

sounds terrific! Are 
they complicated... 
hard to operate? 


The THOMP.- 
SON HANGER is 
simplicity itself! All 


’ 2. tower 3. SERVICE 


up-and-down movement 1s 
controlled by a chain or 
cable that's part of the instal- 
lation, and the hanger auto 
matically repositions itself 
when raised. The live elec 
trical contacts stay at the top 
It's sate and foolproot! 


oj Where can we get more 
details on these Thomp- 
son Hangers? 


Write to The Thomp- 

son Electric Co. and ask 
tor CATALOG No. 50 Ic 
will give you the complete 
story. Now slide down, chum, 
and turn me loose! 


In travelng uith The Big 
lop, the giwatte bas seen 
many THOMPSON HANG- 
ER installations, and he has 
learned that m each (1) 
maintenance costs are down 
to absolute mini- 

mum, (2) lighting 

service men have 

top safety records 

and (3) all lights are 
operating at peak ef- 

ficiency to facilitate 
round-the-clock pro- 

duction operations 


Write today tor your 
copy of CATALOG 
No. 50. There's no 
obligation 


CATALOG No. 50 de 
scribes THOMPSON 
HANGERS ond occes 
sory items im deto:! 


4 REPOSITION 


‘THE THOMPSON ELECTRIC CO. 


1116 Power Avenue ¢ Cleveland 14, Ohio 
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DNGEST LASTING BALLAST MADE 


capacitor protection: 


SOLA ballasts are un- 
usually cool in operation: 
however, the capacitor re- 
ceives additional! protection 
trom any core-and-coil heat 
because of SOLA’s pat-. 
ented ventilated compart. 
ment. 


minimum lamination hum 
cooler operation: 
start’ Ballast design results in 
cooler ballasts than other series-sequence 
pes or conventional lag-lead ballasts. Lower heat 
tise is due to reduced copper and iron losses since 
less metal is required and less energy is dissipated. 


The coils slip over the center leg which 
is then forced into the lamination stack 
SOLA's jig “pressed.incore” assembly 
method produces a firm. solid core and 
coil assembly even before riveting. im 
pregnating and compounding. This 
construction results in extremely quiet 
operation since lamination vibration is 
virtually eliminated 


0% individual check: 


Each capacitor used in a 
SOLA ballast is checked 
for electrical characteris- 
tics and leakage after a 


low magnetic hum: baking cycle. 


Widening the outer legs of the lamina 
tion decreases the magnetic density in 
the outer legs. This reduction of stray 
magnetic fields decreases the tendency 
to setup vibrations in the metal ports 
of the fixture, resulting in a quiet 
fluorescent installation 


ne air transmission of noise: 


The assembled core-and-coil is firmly 


riveted together, varnish impregnated 
under pressure. and baked for 14 
hours. Compounding is then done in 
three stages. The SOLA method of 
multiple compounding eliminates air 
pockets when the compound shrinks 
upon cooling. Consequently no air 
pockets exist to transmit any lamina 
ton hum 


SOLA 


BALLASTS 


Transformers for: Constont Voltage * Fluerescem Lighting * Cold Cathode Lighting Airport Lighting © Series Lighting * 
Cll Berner ignition * X-Ray * Power * Controls * Signal Systems etc. * SOLA ELECTRIC CO, 4633 W. 


SOLA Ballasts are constructed to last... 
to instell, and then forget. Typical SOLA 
engineering innovations ore evident in their 
monvfacture. SOLA Fivorescent Ballosts are 
constructed to standards compatible with their 
edvanced engineering design. Together, they 
moke SOLA Ballasts outstanding. SOLA Ballasts 
will give meny yeeors of quiet, dependable 
service 


Are you on our mailing list? If you wovid like 
to receive SOLA literature on lighting trans- 
formers, please write to us. 
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in our National Defense 


The making of fluorescent ballasts uses critical materials 
required in our national defense program. 


The Lighting Industry can best conserve available materials by using 
them most efficiently. To assure /ong, trouble-free ballast operation, 
full lamp life, rated light output and satisfactory fluorescent 
performance, insist on CERTIFIED BALLASTS in all fixtures. 


CERTIFIED BALLASTS are tested by Electrical Testing Laboratories, Inc., which 
certifies they meet the precise specifications that assure efficient operation. 


TO BE SURE .. . look for the CERTIFIED shield on the ballast. 


Participation in the CERTIFIED BALLAST program is 
CERTIFIED open to any manufacturer who complies with the require- 
ments of CERTIFIED BALLAST MANUFACTURERS. 


BALLAST MANUFACTURERS 


Makers of Certified Ballasts for Fluorescent Lighting 


2116 KEITH BLDG., CLEVELAND 15, OHIO 
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NOW—LIGHT OUTPUT OF WESTINGHOUSE 
90-WATT FLUORESCENT LAMP 


TOPS ALL OTHERS 
IN ITS CLASS 


The improved light maintenance of this exclusive 
Westinghouse Krypton-Argon 90-watt T-17 
fluorescent lamp means that even after 7500 hours 
of operation it will continue to produce the 
highest lumen output of any lamp in its class. 
This gain in light efficiency makes the lamp still 
more economical for industrial and commercial use. 


The improved Westinghouse lamp provides a 
higher average foot-candle level, and reduces the 
annual cost of light. It makes a group lamp 
replacement program more practical and 
economical. What's more, the Westinghouse 
90-watt lamp is designed to operate in any 
standard 85- or 100-watt T-17 lighting 
equipment. 


Graph shows that Westinghouse 90-watt For more detailed information on how this new 
fuoreacent lamp retains 75°, of light . 
rut pul after 7500 hours’ operation. Hence, lamp can fit into your present or planned lighting 
of installations, write to Lamp Division, 
Westinghouse Electric Corporation, 
Bloomfield, N. J. 


Westinghouse 
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